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PEEFATOET SUGGESTIONS. 



aEOLOGY is eminently an out-door science ; for strata, rivers, 
oceans, mountains, valleys, volcanoes, cannot be taken into a 
^ recitation-room. Sketches and sections serve a good purpose in illus- 
trating the objects of which the science treats, but they do not set 
aside the necessity of seeing the objects themselves. The reader who 
- has any interest in the subject should therefore go, for aid in his 
study, to the quarries, bluffs, or ledges of rocks in his vicinity, and all 
places that illustrate geological operations. At each locality accessi- 
ble to him he should observe the kinds of rocks that there occur ; 
>^ whether they consist of layers or not ; and their positions, whether the 
layers are horizontal, — the positon they had when made ; or whether 
inclined, — a slope in the beds being evidence of a subterranean 
movement like that which takes place in mountain-making. 

Greology teaches that much the larger part of the rocks that con- 
sist of layers were made through the action of water ; and if such 
rocks are accessible, it is well, after learning the lessons of the book, 
to look among them for evidence of this mode of origin, either in 
■\the structure of the layers, in the nature of the material, in markings 
>^ withiu the beds, or in the presence of relics of aquatic life, such as 



iv PREFATORY SUGGESTIONS. 

shells, bones, etc. If some of the layers in a bluff consist of sand- 
stone, others are pebbly, others clayey, and one or more are of 
limestone, the kinds of changes in the waters that took place to pro- 
duce so vaiied results shoidd be made a point for investigation. 

If an excavation for a cellar is opened near an accustomed 
walk, it is best to look at the sections of the earth or sands thus 
made ; for these sands are very often in layers, and, in that case, they 
bear evidence that there even the loose material of the surface had 
been arranged by water, either that of the ocean or that of a river 
or lake. 

"When the layers contain fossils, a collection should be made for 
study ; for they show what living species populated the waters or 
land when the rocks were forming ; and in the height of a single 
bluff there may be records thus made of several successive popula- 
tions different from one another. 

If a beach or a cliff along the ocean is accessible, the action of 
the waves in their successive plunges may be watched to great ad- 
vantage ; for they are thus grinding up the stones and sands of the 
beach, and eroding and undermining the cliff. While viewing such 
work on a seashore, it will be a good time to consider that this bat- 
tering goes on almost incessantly through the year, and year after year, 
and has so gone on along coasts and about reefs for indefinite ages. 
The cliff and the rocky ledges in the surf at its base should be closely 
examined, that the amount and kind of wear may be appreciated ; and 
the action of the water over the beach should be studied in order 
to understand why, after so much grinding, coarse sands and often 
pebbles are still left. 
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If there are sand-flats exposed off the shores at low tide, there 
is a chance to discover by what currents or movements of the water 
they were formed, and whence came the sands that compose them, 
which should be taken advantage of ; for they are identical in kind 
and mode of origin, although not in extent, with the sand-flats of 
ancient time out of which sandstones have been made ; the only pos- 
sible difference being that in the earlier ages the waters were every- 
where salt, and rivers gave little aid. And if the sandy surface is 
left rippled as the tide goes out, note this, for ancient sandstones 
often contain such ripple-marks over their layers ; or if the muddy 
portions are marked with the tracks of Mollusks, note this also, for 
in many rocks just such tracks occur. 

. If coral reefs or shell rocks are forming along the shores, — as in 
the West Indies, — these formations should receive special study ; 
for many of the old limestones of the world were made in the same 
way. 

If a heavy rain has gullied a side-hill or proved disastrous to 
roads, here is a fruitful field for study ; for the gullies are minia- 
ture valleys, and they illustrate how most great valleys were ex- 
cavated, — the latter being as truly the work of running water as 
the former. The same gullied slope may exemplify also the for- 
mation of precipices and waterfalls, of crested ridges, table-topped 
summits, and groups or ranges of mountain-peaks. 

These are some of the points of easy observation. Many others 
will occur to the reader after a perusal of the following pages. 

A few labelled specimens of minerals and rocks are absolutely in- 
dispensable for even a partial understanding of the subject, and the 
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student ahould buy or be^ them, if not able to lio the better thing 
of collecting ihem. 

Of UiNEitAi^: 1, crystallized quartz; 2, two or three qoartz pebbles 
of different colors; 3, the variety of quartz called homstone or flint; i, 
common feldspar ; 5, niiea ; G, bkck hornblende ; 7, a black or greenish- 
bkck crystal of augite, and better if in a volcanic rock ; 8, garnet ; 9, 
tourmaline; 10, calcite (carbonale of lime), a cleavable specimen ; 11, dolo- 
mite, or magnesiau carbonate of lime ; 12, gypsum.or sulphate of lime; 13, 
pyritc {sidphid of iron) ; 14, magnetite, or magnetic iron ore ; 15. hemjitite, 
or specular irou ore; 16, limonite, the common iron ore often colled "brown 
hematite " ; 17, siderite, or spathic iron ore ; IS, chalcopyrite, or yellow 
copper ore ; 19, galenite, or lead ore (snlpbide of lead) ; 30, graphite. 

Of Rocks : 1, 3, 3, common compact limestone of three different eoiora, 
one, at least, of the specimens with a fossU in it ; 4, chalk, a Tarietj of 
compact limestone ; 5. 6, white and clouded granular or crystaUine lime- 
stone, of which the ordinary architectural marble is an example ; 7, 8, 
red and gray sandstonu ; II, conglomerate, called also pudding-stone ; 10, 
shale, such as the sluty rock of the coal -formation, and other sLales of the 
Bilurian and Devonian ; 11, slale, or argillyte, that is, common roofing- 
■late, or writing^lato ; 12,13, coarse and fine-grained grayish or reddish 
granite (to be obtained, like marbles and sandstones, in many stone-yanjs) ; 
14, red or gray syeuyte, of which the Scotch " granite " and Qnincy " gran- 
ite" are good examples; 15, gneiss, a piece that has the mica distinctly 
in planes, and hence is banded on a surface of transverse fracture; IR, 
miea schist; 17, trap, an igneous rock; 13, trachyte, an igneous rock; 
19, lava, a ceUular volcanic rock ; 20, a ]iiece of diatom or infusorial earth, 

The above-mentioned minerals should at least be accessible to a 
tasB, if not in the hands of each student ; and it would be well if 
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the collection were larger. Moreover, the instructor, if not a prac- 
tical geologist, should have by him the writer's Manual of Geology, 
or some other large work on the science, in order to be ready to 
answer the questions of inquisitive learners, and add to the exam- 
ples and explanations. 

The student should possess a hammer and a chisel. The best 
hammer has the face square, flat, sharp-angled, and the opposite 
end brought to an edge; this edge should 
have the same direction with the handle (as 
in the figure), if it is to be used for get- 
ting out rock-specimens, but be transverse 
to this, and thinner, if for obtaining fossils. 

The socket for the handle should be large, in order that the handle 
may stand hard work. The chisel should . be a stone-chisel, six 
inches long. Eock - specimens should be uniform in size, with 
straight sides ; say two inches by three, or three inches by four. 
Fossils had better be separated from the rock if it can be done 
safely. 

For measuring the dip, that is, the slope, of layers, an instrument 

called a clinometer is used, which can be had 
of the instrument-makers. It is a compass 
having a pendulum hung at the centre, the 
extremity of which swings over a graduated 
arc. In the best kind the compass is three 
inches in diameter and has a square base. A 
clinometer apart from the compass may be 
easily extemporized by taking (see figure) a piece of boards a 6 c d^ 
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cut to an exact square (three or four inches each side), hanging a 
pendulum on a pivot near one angle (a), describing on the board, 
with one leg of the dividers on the pendulum-pivot, an arc of 90° 
(b to c), and then dividing this arc into nine equal parts, each to 
mark 10°, and subdividing these parts into degrees. Such a cli- 
nometer, well-graduated, is sufficiently accurate for good work. 

Field work of the kind above pointed out makes the facts in the 
science real. It also teaches with emphasis the great lesson that ex- 
isting forces and operations are in kind the same that have formed 
the rocks, the valleys, and the mountains. It thus prepares the 
mind to appreciate geological reasoning and comprehend the march 
of events in the earth's history. 

New Haven, Conn., February 1, 1875. 
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GEOLOGY 



THE word Geology is from two Greek words signifying the 
story of the earth. As used in science, it means an ac- 
count of the rocks which lie beneath the surface and stand out 
in its ledges and mountains, and of the loose sands and soil 
which cover them; and also an account of what the rocks 
are able to tell about the world's early history. By a careful 
study of the nature and positions of rocks, and the markings or 
relics they contain, it has been discovered how the rocks them- 
selves were made; and also how the mountains and the conti- 
nents, with all their variety of surface, were gradually formed. 
And, further, it has been ascertained not only that the earth had 
plants and animals long before Man appeared, but what were 
the kinds that existed in succession through the long ages. 

The subjects, therefore, of which geology treats are: — 

I. The Kinds of Eocks. 

n. The ways in which the rocks, valleys, mountains, and 
continents were made, — or Causes in Geology, and their 
Effects. 



GEOLOGY. 



III. The events during the successive periods in the earth's 
history; that is, what making of rocks was going on in each 
period, what making of mountains and valleys, and what spe- 
cies were living in the waters and over the land in each, and 
how the world of the past differs from the world as it now is, — 
all of which subjects, and others related, are treated under the 
general head of Histceical Geology. 



PART I. 

BOCKS, OB WHAT THE EABTH IS MADE OR 

EocKS consist of minerals ; and the ores and gems they con- 
tain are minerals. Any mineral that yields a metal profitably is 
called an ore. 

The following are the characters of some of the kinds that 
are of most importance in geology. 



I. — Minerals. 

I. Consisting of Silica. 

Quartz. — Quartz is the most common of the materials of 
rocks. It is well fitted for this first place ; for (1) it is one of 
the hardest of minerals, the point of a knife-blade or edge 
of a file making no impression on it; (2) it does not melt in 
the hottest fire; and (3) it is not dissolved by water, or cor- 
roded by either of the common acids. Its durability is its 
great quality. With a piece of quartz it is easy to write one's 
name on glass. Another quality of it, distinguishing it from 
many minerals it resembles, is that it breaks as easily in one 
direction as another. 
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It is of various colors and kinds. Flint and hornatone are 
dark-colored massive quartz. The smooth-surfaced stones of a j ^ 
pebble-bank, whether white, brown, yellow, or black, if uni- I ^, 
form (not speckled) in color, are almost all quartz. Moun- 
tains thousands of feet high are sometimes made of quartz 
rocks. The sands of a sea-shore are mostly quartz, because the 
grinding of particle against particle which goes on under the 
heavy dash or swift flow of the waters wears out all other 
materials, and leaves only the hard quartz particles behind. 

Quartz is often found in crystals. The figure annexed shows 

the form of one of them. It is a regular 6-sided prism {i i i), 

Rg. 1. with a 6-sided pyramid at each end ; and it is often 

^m\ as transparent as glass. Frequently the crystals are 

HHfT attached by one end in great numbers to a surface 

^■■r of rock, so that this surface is brilliant with little 

Quartet pyramids of quartz set crowdedly over it, or with 

pryamids raised on prisms. The inclination of the face of the 

prism to the adjoining face of the pyramid is always the same 

(141° 47'), wherever the quartz crystal may come from. These 

glassy crystals are wholly natural productions, having their 

forms perfect and lustre brilliant when first taken from the 

rocks. 

While some quartz crystals are clear and colorless, others 
have a purple color, and these are the ametliyd of jewelry. 
Others have a light-yellow color, looking like topaz, and are 
called false topaz ; and others a clear smoky-brown color, and 
these are the cairngorm stone of Scotland, 
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Still other kinds of quartz are the agates, in which the color 
is arranged in thin bands or layers of different sliadea of color, 
as white, smoky-browu, red, etc. 

The material of quartz is called in chemistry milieu, from the 
Latia word lilex, meaning J!int. 

Quartz, while so enduring, when pulverized and heated fuses 
easily with soda, potash, lune, magnesia, or oxyd of iron, and 
forma a kind of glass ; and ordinary glass is made by melting 
together quartz sand and soda. Again, hot waters containing 
Boda or potash in solution wiU dissolve silica, and on cooling 
deposit it again. The waters of hot springs usually contain 
silica, which they have taken, along witli soda or potash, from 
some rock with which they have been in contact. Through 
deposits from such solations (1) agates have been made; (2) 
fissures in rocks have been filled with quartz, and the fractures 
thus mended; and (3) the sands of sand-beds and gravel of 
gravel-beds have often been cemented into the hardest of rocks. 

Opal is also silica, but it differs from quartz in being softer, 
of less specific gravity, and never crystallized; and in the 
precious opal it has a beautiful play of colors arising from 
iuteraa! reflections. The silica of diatoms and of some de- 
posits made by geysers is in the state of opal. 

2. Silicates. 

Silica, whQe existing in rocks abundantly as quartz, also 
makes, on an average, a third of aU ^\ui\t o'Cnet ^a^ais.^:^ 
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limeatoues excepted ; that is, it exists combined with otlier 
substiiDces, making various common minerals. These minerals 
containing silica are called aiUcaleg. 

1 Peldipar, — The moat universal of these sihcates are the 
kinds called felihpar. Besides silica, a feldspar contains the 
elements of alumina, and of potash, soda, or lime, Cornn- 
diita is nothing but alumina ; and the beautiful gem aaji- 
phire is only a clear blue variety of it; and the hard emerg 
used for grinding and polishmg, and often in little emery- 
bags for sharpening needles, ia the same. It is the hardest 
of all stones excepting the diamond, and hence it is a good 
companion for quartz or sHiea in rock-malcing. The two, 
silica and alumina, in combination together make minerals 
that are harder and no less infusible than quartz; but when 
combined also with potash, soda, lime, or iron, the minerals 
it forms melt more or less easily. 

Feldspar has usually a white or fleah-red color, and some- 
times might be mistaken for quartz. But (1} it is not quite 
BD hard as quartz, though too liard to be scratched with a 
knife; and, besides, (2) it melts when highly heated; (8) it 
breaks in one direction with a bright even surface, brilliant in 
the sunshine, and also in another direction at right angles 
or nearly so to the former, but less easily, — a kind of 
fracture called, in mineralogy, cleavage. While quartz has 
no cleavage, feldspar has cleavage in two directions trans- 
verse to one anotlier. 
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Common feldspar (called orthoclase in mineralogy) is a pot- 
ash-feldspar, it containing the elements of potash along with 
those of alumina and silica ; another is a soda-feldspar 
{albite) ; others are soda-and-lime feldspars, and one of these^ 
called labradorite, is a constituent of many igneous rocks; 
and another is a lime-feldspar, 

2. Hica. — Mica (often wrongly called isinglass) splits very 
easily into leaves thinner than the thinnest paper, which are 
tough and elastic, and frequently transparent. It does not 
melt easily, but fuses on the thin edges with high heat. It 
is the transparent material commonly used in the doors of 
stoves. Some mica is white, or gray; it is oftener brownish, 
and very frequently black. Like feldspar, it contains the 
elements of silica and alumina; the most common light-col- 
ored kind has, besides these constituents, potash; the black 
kind contains magnesia and iron. 

3. Hornblende. — Black hornblende, when occurring in 
rocks, often looks much like mica, showing lustrous cleavage 
surfaces; but it is a brittle mineral, and hence cannot, like 
mica^ be split into thin, flexible leaves or scales with the 
point of a knife. It makes very tough rocks, and hence the 
first part of the name, horn; the rocks are heavy and some- 
times look like an ore of iron, and hence the second part, 
blefide, a German word meaning blind or deceitful. It is 
a silicate, that is, it contains silica, but with it there are 
iron, magnesia, and lime. There are otheT \aik9LS ^l\\aT^^«Q^^> 
but tbejr need not he mentioned here. 
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4 Auglte. — Augite is black or dark-green jii/roxfiite, liav- 
ing the sairie comixisitioa as hornblende, and differing only in 
the shape of its crystala. It is named from a Greek word 
signifying liuttre, because its crystals are often bright, though 
not more so thau those of hornblende. 

Two of tiie crystals of hornblende are represented in Fij 
2, 3, and one of those of augite in Fig. ■!■. The angle 
FiRi. a-fi. 




the prism of augite (or that between I and / in Tig. 
is about 87°; while the angle of the prism of hornblende [bel 
tween Z" and / in Fig. 2) is 124.1° j 't is owing to this difleN 
ence mainly that hornblende and augite have distinct names. 

5. Garnet — Usually in dark-rod crystals, but often also 
black, and occurring imbedded in mica schist and other rocks ; 
as represented in Fig. 5, contains silica, alLiiniua, iron, and 
lime. When transparent it is used as a gem. 

3. Carbon and Carbonatea. 

Carbon is familiarly known, though hi a state not quite 
pure, as common charcoal. The diamond is criftlalUzed car- 
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bon, and can be burnt like charcoal, though not without in- 
tense heat, GrapAite (or Hack lead, aa it is often badl/ 
named, since it contains no lead) is also carljoii ; it is the 
material of lead-pencils. 

Carbon combined with oxygen in certain proportions forms 
earionic acid, au ingredient of the atmosphere, it constituting 
4 parts by volume of 10,000 parts of air; it is the gas that 
escapes from etferveinceut waters like aoda-watcr. Its com- 
pounds are called cafbonates. 

L Calsite. — Calcite occurs in crystals that break easily in 
three directions, affording forms with rhombic faces, like Fig. 
6; the angles between the faces are 105° 5' 
and 74° 55'. A very common form is called 
dog-iooih spar; Ihe sha^te is shown in Fig. 
7. Another kind is a 6-sided prism with 
a low pyramid at either end (Pig. 8}. Cal- 
cite is easily scratched with the point of a 
knife. In a rock form, it is limestone. 
When calcite or limestone is burnt, carbonic acid escapes as 
a gas, and lime (called qiiipHim^, the material that slacks 
in water and is used for making mortar) is left, Calcite is 
earbonafe of Ume. When a grain of calcite is put into di- 
lute hydrochloric (muriatic) acid, carbonic acid gas is given 
freely, producing a brisk effervescence, and the calcite be- 
les wholly dissolved if it is pure. By means of (1) its 
■escence with acid, (2) its low degree of hardness, (,S\ 
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its infusibility in the hottest fire, and its burning to quick- 
lime instead, calcite or limestone is easily distinguislied from 
feldspar and other minerals. The cleavages in calcite alsn 
separate it from feldspar; for the number of directions i> 
iiree, and the angle between them ia about 105° instead of 
about 90°. 

2. Kagnesian Limestone, or Dolomite. — Limestone sometimes 
contains magnesia in place of part of the lime, and it is thai 
called, in mineralogy, dolomite, after Dolomieu, a French 
geologist of the last century. Dolomite, or magnesian lime- 
stone, does not effervesce freely unless the acid is heated, and 
in this respect it differs from calcite. In aspect, calcite and 
dolomite are closely alike. 

4. Ores. 

The following are a few of the common ores. 

1. JPyrite, — Pyrite has nearly the color and lustre of brass, 

It is so hard that it will strike fire with steel (whence its name, 

from the Greek iot fire), and in this it differs from a yellow 

ore of copper, called chalcopyrite or copper pyrites, which 

it much resembles. It is very often in cubes, 

.-:'. like Fig. 9. It consists of sulphur and iron, 

j -- iiill'ii (li'arly 48 parts by weight in 100 being iron. 

^^^^jPI Both of these elements have a strong affinity 

for oxygen; and consequently pyrife often changes 

to vitriol, or else forms the oxyd of iron called limonite. 
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It is of no use as an ore of iron, because of the diflBculty 
of separating the sulphur; but it is often employed for the 
making of vitriol (sulphate of iron). It is the most gener- 
ally distributed of all metallic minerals, occurring in particles 
through most rocks, crystalline as well as uncrystalline. Ow- 
ing to the tendency to alteration just mentioned, it has caused 
the destruction or disintegration of rocks over the earth^s sur- 
face to a greater extent than any other agency. 

2. Magnetite, or Magnetic Iron Ore. — An iron-black ore 
of iron, having a hlach powder. It is attractable by the mag- 
net. It is common in Northern New York, Orange County, 
New York, Sussex County, New Jersey, and many other 
regions. It consists of oxygen and iron in the proportion 
of 4 atoms of the former to 3 of the latter, and contains 
72 parts of iron in 100. 

3. Hematite, or Specular Iron Ore. — A steel-gray ore of 
iron, but often also bright red, the powder being red. Red 
ochre is an earthy hematite. It is not attracted by a mag- 
net. Like magnetite, it occurs in great beds in Northern 
New York, in the Marquette region, near Lake Superior, in 
Michigan, and many other places. It consists of oxygen and 
iron in the proportion of 3 atoms of the former to 2 of the 
latter, and contains, when pure, 70 parts by weight of iron 
in 100. 

All rocks of a reddish or red color owe the color to this 
oxyd of iron. 
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Hematite and magnetite occur, with small exceptions, in 
instead of veins. Wlien the beds are vertical or nearly 
Voo they tuok like veins. 

4. lamonite. — A brown, brownish-yellow, or black ore of 
^inin, iiflbrdiug a browninh-yelloK powder, sometimes calM 
■ifoww hematite. Yellow oclire is impure or earthy liinonile. 

3t differs in composition from hematite only in containing wa- 

; and if heated the water is driven off, and it becomes 

, or hematite. It contains, when pure, about 60 per cent 

f iron. It is a result of the decomposition of other iron ores. 

^id forms great beds in some regions, as near Salisbury in 

^Connecticut, and Richmond in Massachusetts. It is often found 

i bogs, and is then called hog-iron ore. Limonite is often 

disseminated through clays, giving tliem a yellowish or brown- 

1 color i and such clays when heated tnm red, because they 

i the water which makes limonite to differ from hcTnatite. 

This is the reason that bricks are usually red. Clay for 

making white pottery must contain no iron, 

5. Siderite, or Spathic lion Ore.^A gray to brown or* 
without metallic Instre, consisting of oxyd of iron and 
bonic acid. "When pure about 48 parts in 100 ate iron, 
occurs crystallized, and also in impure massive nodular foiB. 
llie iron ore of many coal regions is this massive nodu 
variety. It is a heavy mineral (fhe specific gravity 3.5 
above), and by this quality it may be distinguished from tAU 
grayish or brownish stones. In heated hydrochloric ai^ 
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effervesces, owing to the escape of carbonic acid. This ore, 
like limonite, is sometimes present sparingly in clays. 

8w Chalcopyrite, or Yellow Copper Ore. — A brass-colored 
iniaeial consisting of sulphur, iron, and copper, about a third 
of -which is copper. It is scratched easily with a knife, and 
affords a dark-green powder, and thus differs from pyrite, 
which it resembles. It occurs for the most part in veins 
^th other ores. 

7. Galenite, or Lead Ore. — A lead-gray ore, brittle and 

^ly pulverized, and affording a lead-gray powder. It often 

cleaves into cubic or rectangular forms. It is the common 

*ead ore. It often contains a little silver, and is sometimes 

'^^''ked as a silver ore. It occurs in cavities in limestones, 

^ iti Northern Illinois, Wisconsin, and Missouri, and in Der- 

v^liire, England; and is often found also in veins with 

^^h^i ores. 



// 



II. — Kinds of Rocks. 



T?HB following are the characters of some of the common 
^^^^*>^cls of rocks. 

L Limestone ; Hagnesian Limestone. — These rocks are partly 

^^^cribed on pages 9 and 10. They are of dull shades 

^^ colors, from white through gray, yellow, red, and brown 

^ bkck, and of all degrees of texture, from that of flint to 

^ coarse granular texture. The test by acids, by heat, and 

^y a use of the point of a knife in trial of tlie hardness. 
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are the means of distinguishing limestones from other rocks. 
Chalk is limestone. Ordinary marble is limestone, and some- 
times the magnesian kind. '^ 

The different kinds of limestone are called calcareous rocks, 
from the Latin calx^ meaning lime, 

2. Sandstone. — Sandstone is a rock made of sand. The 
sand may be quartz, like the sand of most sea-shores, or 
pulverized granite or other rock; when gathered into beds 
and consolidated, it makes sandstone. Sandstones are the most 
common of rocks. They have various dull colors, from white 
through gray, yellow, and brown to brownish-red and red. 

3. Conglomerate. — A conglomerate or pudding-stone is a 
consoHdated gravel-bed, — gravel being sand mixed with peb- 
bles or small stones. Tlie stones are sometimes large, even a 
foot in diameter. They are often of quartz, sometimes of 
other liard rocks, and occasionally of limestone. 

4. Shale. — Sliale is a fine mud or clay consolidated into 
a rock having a slaty fracture, but less evenly slaty and 
less firm than true slate. The colors vary, like the colors 
of mud or clay, from gray and yellowish shades through red 
and brown to black. Black is a common color, because the 
plants and animals that live and die in the mud or over it 
contain carbon, the chief element of coal, and contribute por- 
tions of carbonaceous substances to the mud. Such black 
shales, when burnt, usually become white or nearly so, because 
the vegetable or animal material is then burnt out. For 
the same reason black limestones afford white quicklime. 
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The loose earthy material of the world, in and out of the 

water^ is mostly either sand, gravel, mud, or clay; and thus 

it has heen through all ages. Sand is finely pulverized rock. 

Mud is the same, for the most part; but it may contain 

rock that is decomposed as well as pulverized. Clay is a 

fine kind of mud; it is mainly either pulverized feldspar 

along with quartz in fine grains, or else decomposed feldspar 

with more or less quartz. It comes from the pulverizing of 

granite, gneiss, and other rocks containing feldspar, or from 

their decomposition. Clay often contains iron; and when 

burnt to make brick it then becomes red. Gravel is mixed 

sand and pebbles. 

The consolidation of sand makes sandstones; of pebble- 
beds, conglomerates ; of fine mud or clay, shale, 

5. ArgUlaceoiu Sandstone. — When sands are clayey, the 
beds make, when consolidated, a clayey, that is, argillaceotis, 
sandstone {argilla, in Latin, meaning clay). Such sandstones 
usually break into thin slabs, in which case they are said to 
be laminated sandstones; and, if of sufficient hardness, they 
make good flagging-stone for sidewalks. The common flag- 
ging-stone used in New York and adjoining States is an 
argillaceous sandstone. 

& GData — Slate, or argillytey differs from shale in break- 
ing much more evenly, and being much fiirmer. The slates 
used for roofing are examples. 

7. Granite. — Granite is one of the crystalline rocks^ its 
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ingredients being, not worn grains like tho^ of a sandstone 
conglomerate, but crystalline grains, — all liaving been 
rendered crystalline together by a process in which heat was 
concerned (p. 26). It consists of grains of three mineral?, 
qitarlz, fekhpar, miai, mixed promiscuously together, Tht 
(^utirti! grains are usually grayish or smoky in color (com- 
monly of a darker tint than the feldspar), and have no cleav- 
aye. The grains of feltUpar have cleavage, and therefore 
, show smooth, sparkling surfaces when a fragment of granite 
is exposed to the sun, and their color is usually white or 
flesh-red. The mica is much softer than the feldspar, and 
with a point of a knife-blade its grains may be divided into 
thin, flexible scales ; its colors are whit«, brownish, or black. 

8. GneisB. — -Gneiss has the same constituents as granite; 
but these constituents are arranged more or less in planes, 
and, owing to the mica, the rock splits into thick layers, and 
on a cross fracture apppars banded. On account of its split- 
ting info layers gneiss is said to be a »fhiiloae rock (this 
term being derived from a Greek word meaning to divide, and 
pronounced as if spelt shhtose). This schistose structure is 
the only one distinguishing it from granite. It is somewhat 
like the laminated structure. 

9. Xica BctuBt — Mica schist has the same constituents 
granite and gneiss, but the quartz and mica are much 
most abundatit, and especially the mica; and on account 
the large proportion of mica, mica schist divides into 
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layers. It glistens in the sunshine, owing to the scales of 
Doica. Sometimes the scales of mica are indistinct, and then 
it is called mica slate. 

The crystalline rocks, granite and gneiss, and gneiss and 
mica schist, pass into one another through indefinite shadings. 
There are granites that are slightly gneiss-like, and all 
grades to true gneiss; and there are all grades from gneiss 
to mica schist, so that it is sometimes difficult to say 
whether a rock should be called granite or gneiss, and 
whether another should be called gneiss or mica schist. 
Again, mica schist shades off through mica slate into argil- 
lyte, or clay slate, as the crystalline texture is less and less 
apparent. 

1(X Syenyte. — Some granite-like rocks contain hornblende 
in place of the mica, and such kinds are called syenyte. The 
hornblende is grayish-black, greenish-black, or black, and 
differs from black mica in being brittle, and hence in not 
affording thin, flexible scales. This fact indicates the kind 
of examination to be made to distinguish syenyte from 
granite. The so-called granite of the Quincy quarries, near 
Boston, and the red Scotch granite imported for monuments, 
are syenyte. 

IL Syenyte Gneias ; Hornblende Slate. — Syenyte gneiss differs 
from ordinary gneiss in containing hornblende instead of 
mica. Hornblende schist or slate is a black slaty rock con- 
sistmg mainly of hornblende. 
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H 12. Trap; Volcanic Bocb. — Trap is an igaeous rock 
^1 is, it has coolril from fusion, like the lavas of a voli 
^K It came to tlie surface in a melted state, through an O] 
^P fissure, from some deep-seat«d region of liquid rock. 

part filling a lissure is called a dike. It has sometimfs 
flowed from the fissure over the adjoining country. Trap 

*is a dark-colored, heavy rock, more or less crystalline in tei- 
ture. It consists of a lime-and-soda feldspar (called labra- 
dorife, from Labrador, where it was first found) and augit*, 
along with grains of magnetite. It is the rock of the Pali- 
sades along the west side of the Hudson River above New 
York, of Mount Ilolyoke near Northampton, and various 
other hills and ridges in the Connecticut Valley ; of manj 
ridges in the vicinity of Lake Superior, and over the west- 
^h era slope of the Bocky Mountains; of the Giant's Causeway 
^B on the north coast of Ireland, and StafFa on the western 
^B coast of Scotland; and is common over the globe. 
^P Some trap contains small nodides consisting of diiferent 
minerals. These nodules fill cavities that rtere made, while the 
rock was still melted, by expanding vapors. Tliis variety of 
trap is called amyijdaloul , because the little nodules sometimes 
^b have the shape of almonds {amygdalum, in Latin, meaning 
^H almovd). Trap, especially if very fine grained, is often called 
^V bagalt. It frequently occurs in columnar forms, aa 
^B Giant's Causeway, many places in the Lake Superior 
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Volcanic rocks, called lavas, are those that have been ejected 
in a melted state from^ or about, an open vent called (from the 
Latin for bowl) a crater. Eruptions around the crater make 
the fire-mountain, or volcano. 

The larger part of lavas, and of all igneous rocks, are simi- 
lar in composition to trap, although often very cellular rocks, 
and sometimes resembling much the scoria of a furnace. 

Other volcanic and igneous rocks are mainly feldspar in 
composition, and as they therefore contain little or no iron, 
they are less heavy than trap. Their specific gravity is mostly 
2.5 to 2.8, while that of the trap series is 2.8 to 3.2. A com- 
mon kind, rough on a surface of fracture, is called trachyte; 
and another, containing isolated crystals of feldspar, is porphyry, 

Sand-^ocks made out of volcanic sands are called tufas, 
/; 

III. — Structure of Rocks. 

L Stratified Bocks. — Most rocks consist of layers piled one 
upon another; and the series in some regions is thousands of 
feet in height. Figure 10 rep- 

° ° ^ Fig. 10. 

resents a bluff on the Genesee 
Eiver at the falls near Eoches- 
ter. In this section Nos. 1 and 
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2 are sandstone; No. 3, green ^ ^^•4^^>^^-^^^-f^'^''^^^ 



II ikT J 1 • i 'K-r w Section on Oenesee River. 

shale; JVo. 4, hmestone; No. 5, 

shale; No. 6, limestone; No. 7, shale; No. 8, limestone again. 
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I Another example is here presented (Fig. 11} from the ( 
rado Canon. The height of the jiile of layers in view is t 
8,110 feet; hut the river flows 2,755 feet below, and I 
the whole height of the wall is 6,865 fert. Still i 
example from the Colorado region is given on page 78. 
It 19 to be noted that (1) the layers were made oim i 
another, begiiming with the lowest; that (2) the : 
iayera correspond to successive intervals of time in geologi 
history. 
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^Eocks consisting thus of beds are called stratified rocks, 
^^Ofli the Latin stratum^ meaning bed. 

But layer and stratum in geology have not the same mean- 
^^. In Fig. 10 the lower sandstone bed. No. 1, consists 
of many layers; together they make a stratum. No. 3 is 
aooilier stratum^ — one of shale; No. 4, another, — one of lime- 
stone^ and also made up of many layers; and so on. Tims 
there are eight strata [strata being the plural of stratum) vis- 
ible in the bluff; and each consists of many layers. All the 
layen (^ one kindy lying together, make one stratum. 

Sandflbme^ shale^ conglomerate, and limestone are the most 
common kinds of stratified rocks. Gneiss and mica schist are 
also of this nature, although crystalline in texture. 

SL Vaitntifled Bocks. — Unstratified rocks are not made up 
of layeiB. The granite about the Yosemite, in California, is in 
lofb)r mountains and mountain-domes, showing no distinct bed- 
ding or stratification; and the same is the character of most 
granite. The trap-rocks of the Palisades, on the Hudson, rise 

boldly from the water and have no division into layers; but, 

I 
instead, a vertical division into imperfect columns, — a com- 
mon feature of such trap-rocks, illustrated on the next page. It 
is not, however, true that all igneous rocks are w;istratified ; for 
where lavas have flowed out in successive streams over a region, 
those streams have made successive beds, and the rocks are 
truly stratified. But the term stratified rocks is usually 
appKed only to the kinds not of igneous origin. 
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The columuar structure of some trap-rocks is well illustnii- 

ed iu tlie fuUuwiiig view of a scene on the shores of lUawarni 

Fig. U. 



I 




in New South Wales, Australia. While stratification has conn 
from the succesaive fonnation of beds, these columns are .i 
result of the cooling. Cooling causes contraction, and tlm 
contraction of tlie solid rock as cooling went on produced 
the fractures. These fractures are always at right angles, ot 
nearly so, to the cooling surfaces. Where the rock fills ver- 
tical fissures, the columns are horizontal. Even sandstones 
have been rendered columnar where overlaid by beds of trap, 
or when they have been subjected otherwise to heat. 



PART II. 

CAUSES IN aEOLOGY, AND TKETR EFFECTS. 

Under the head of Causes, Geology treats of the ways 
in which (1) rocks, (£) valleys, (3) mountains and continents 
were made ; or, in general, the means through which all 
changes have been brought about. 



I. — Making of Bocks. 

The rocks, briefly described in the preceding pages, have 
been made by the following methods. 

L Bocks formed from fusion. — Igneous rocks are here in- 
cluded, or those that have cooled from a melted state after 
ejection from some " seat of fire within the earth. They are 
crystalline in texture, each grain being a separate crystal; 
yet the small grains are so crowded together that they have 
nothing of the external forms of crystals, and sometimes they 
are too minute to be easily distinguished. Igneous rocks are 
of small extent and importance over the globe compared with 
those made through the action of water. 

8. Bocks made by deposition from waters holding the mate- 
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rial of them in solution. — Waters containing lime often de- 
posit it, and so make a kind of limestone. 

AVaters 2)ercolating through the limestone roofs of caverns, 
as they evaporate on the roof, form long pendent cones or 
cylinders of limestone called stalactites (from the Greek for 
to didil) ; and the same waters, dropping to the floor of tie 
caveni, there evaporate and produce a bed of limestone called 
stalagmite. 

There are many springs, and a few rivers, in the world, 
whose waters are calcareous. They petrify the moss, leaves, 
and nuts of swamps, and sometimes make thick beds which 
are very porous, and irregular in thickness and texture, called 
calcareous tufay and also travertine. On Gardiner's River, in 
the Yellowstone Park, at the summit of the Rocky Mountains, 
such deposits are forming, and the river is thus made into 
a series of waterfalls. But such beds of limestone are of 
even less extent and importance than igneous rocks. None 
of the great limestones of the world were thus made. 

Waters often hold traces of silica in solution, especially 
if hot and alkaline, and deposit it again, making siliceous 
beds and petrifactions. Some facts on this point are men- 
tioned beyond, among the effects of heat in rock-making. 
Cold water seldom deposits silica unless where there are 
the remains of siliceous infusoria, as mentioned on page 38. 

3. Rocks made by the mechanical agency of waters and 
winds, exclusive of limestone& — Far the larger part of rocks 
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.re fragmeniat rocks; that is, they are rocks made out of 
fragments of older rocks. The finest mud or clay consists 
:^f fragments of rock-material, and hence a shale — a rock 
made fi*om fine mud or clay — is a fragmental rock as 
much as a sandstone or conglomerate. 

A large part of the fragments — or the sand, pebbles, 
mud — were made by the wearing action of moving waters; 
and hence such material is called detritus, from the Latin, 
meaning worn out. The agency of greatest effects and long- 
est action in past time has been the ocean; that of next 
importance, rivers; that next, winds. But, preparatory for 
these agencies, the air, moisture, and the sun^s heat have 
been always quietly at work giving aid in the reduction of 
rocks to fragments or grains; and thus the ocean, rivers, and 
winds have found much loose material ready for them, in- 
stead of being left to make all that was required for their 
work in rock-making. 

The sand, gravel, and mud or clay of which rocks have 
been made were in general deposited as a sediment from the 
waters of the ocean or rivers, as will be explained further 
on ; and hence sandstones, conglomerates, and shales are called 
sedimentary rocks. 

4. Eocks made mainly or wholly of oi^^anic remains, that 
is, of the remains of plants or animals. — (1) The great lime' 
stones of the world are of this origin; also (2) some sili- 
ceous deposits; and (3) the coal-beds and peat-beds of the 
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world. Many sandstones and shales contain more or less of 
such remains. Plants, shells, and other distinguishable relics 
of living species found in rocks are called fossiUy or orgam 
remains. They are sometimes called also petrifactions y which 
means made of stone-; but not always rightly so, for most 
fossils consist of the same material essentially that they had 
when in the living species. Wood is sometimes changed to 
stone ) and this is then a true petrifaction. 

6. Metamorphic Eocks. — Fragmental rocks, such as sand- 
stones, shales, and conglomerates, and also Umestones, have 
sometimes been altered (or metamorphosed), over regions of 
great extent, to crystalline rocks, such as granite, gneiss, 
mica schist, granular limestone or architectural marble; and 
these crystalline rocks are hence called metamorphic rocks, 
the word metamorphic meaning altered. 

In describing these methods of making rocks the following 
order is here adopted : — 

1. The ways in which plants and animals have contributed 
to rock-making. 

2. The results from the quiet working of air and moisture. 

3. The work of winds. 

4. The work of rivers. 

5. The work of the ocean. 

6. The work done by ice. 

7. The work of heat. 
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I. Ways in which Piants and Animals have contributed 

to Rocic-maicing. 

1. Making of LimestoneB. 

The animal relics that have contributed most to limestones 
are shells y corals, crinoidsy and foraminifers. These are secre- 
tions of animals, that is, stony portions of the body, either 
made internally in the same manner as the bones of a dog are 
made, or, like a shell, made externally as a covering for the 
animal. When the animal dies, the rehcs pass to the mineral 
kingdom and are used in rock-making; and, as stated above, 
nearly all the limestones have thus been made. 

Corals and crinoids are exclusively oceanic species of ani- 
mals ; but, while this is true also of most shells and fora- 
minifers, there are some kinds that flourish in fresh waters, 
and among shells some, like the snail, live over the land. 

Shells are the secretions of animals related to the oyster, 
clam, snail, and cuttle-fish, — animals that have a soft fleshy 
hodyy and hence are called Mqllusks, from the Latin imllisy 
soft. The shells serve to protect the soft body and give it 
rigidity. 

Coral is, for the most part, the secretion of polyps, the 
most flower-like of animals, and it is an internal secretion. 
One of the branching corals, covered over (one branch ex- 
cepted) with its numerous little flower-animals, is represented 
in Fig. 13. Branching corals of this nature are commQw m tfes. 
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tropical Pacific, aiid ate eallerl Madreporeg. Another kind, i 
eive inateud of branchiug, is sliown in Pig. 14. The - 
suifitce is & surface of flower-auimak or polyps; in : 
to its star-like cells, this kind is calleil an Aslnei 




espanded animals (only part of which in tlie ligure are in this 

I state) are like flowers also in their bright colors. The lit@ 
petal-like arms {tentacles), in Fig. 13, are tipped with emew 
green, in the living state j and some Astneas are purple i 




at the 



1 fimrild reutns mid others hiivn ntlicr bright 
hut^ ^ liile to iiiulIi like flowers in appearmice, polyps are 
ffhollv Tiiimiil ill nature "Each [wlyp has a moulli 
lutre ibjve ni shown m Fis. 14; 

° FiB- 15- 

Hid it eats and digests like other 

iiiinal-- \nolhpr kind of coral is 

ipiescnled in Fig 15 without tlir 

uimnl , it slioTs the ndiatnig plntcs 
II the cup shaped cavitY at top. Still 

ntlier ^DmewlLit larger eliiptieal iu 

liape m=tead of c\lindncal and in the 
living state is presented ni Fig. 16. 
The month is a, ver^ long one, and 
the irms or teiitirlii -which serve to push in tlie prey it ca^- 
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Jtnres are also loiig. It owes mucii of ite power of captui^Sl^ 
to the stinging qualities of these tentacles. 
The arraiigenient of the tentacles of a polyp arount 
centre, and also tliat of the plates inside of the coral cup^ 
radiate; and henc« Poiyps, like some other kinds of life, a. 
_ called Radiate aaimals. 




Cmoid& — Crinoids also arc flower-like, animals, and Radi- I 
They were once exceedingly abundant in the seas of the 
Vorldj but now are rarely to be found. Two of tlie kinds are ' 
represented in Eigs. 17 and 18, tlie first an ancient species. 
and the second a modern one from the seas of the West Indies. 
The arms above are arranged around a centre like the petals 
of a flower, and, like, them, they may be opened out wide or 
closed up so as to look like a bud ; and this the animal does 
(.at will. Below the radiating head-bearing part there is a 
, sometimcH a foot or more long, which, if tie animal is 



LIMESTONE ROCKS OF ORGANIC OIUGIN. 



31 



f is planted below on the solid rock, or in the mad of the 
ottom. Crinoids differ in many respects from polyps. 
I ^int ia tliis : the coral which a polyp makes is all one 




whether massive or branching; while the stony secretion 
f crinoid ia in multitudes of pieces. Tlie stem is a pile 
Qe diBka often circular and looking like button-moulds, 
Pig. 17 ; but sometimes 5-sidcd, as in Pigs. 18 a, h, e, d, 
; some of the forms, The arms also are made up of 

pieces. The cross-lines on the arms in the above fibres 

: the number of pieces of which e^i is made. The 

1 are held together by animal membrane as long as the 

I lives; hut when it dies, the pieces usually fall apart, 

re scattered by the moving waters. 
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^H Torainiiufen. — - Poraminifers are made by the simplest of 

^M all animals, and very minute kinds, — animals that have 

^B organs of Bense, and in general not even a mouth to eat 

^M When a particle of the desired food touches the body, and. 

^M perhaps held there by its power of stinging, that part of 

^B body begins to be depressed, and continues to sink im 

^m until the food is in a cavity inside made for the occa 

^M then the food is digested, and any part of it not digestedl 

■^ thrown out by restoring the body to its former slate. 




I 



of the shells arc represented much enlarged, excepting tlit 
last three, in Figs. 19 to Sji. Many of these animals hiivc 
the faculty of extending out, at will, feelers over the body 
that are a little root-like, and hence they are called RAizopofU, 
from the Greek for root-like feei. An enJaiged view of one oiu 
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he species, witli the fibre-like arms extended, is shown iu Fig. 
13. All of thp shells above figured, excepting the last three, 
re no larger than the finest grains of sand ; and yet they 
ontiiii !i numhnr of cells, each of Hg. ss. 

phich corresponds to a separate one ^^^I^^^S^^^^I 
if the Khizopod animals. ^^Hl^^^^^^^^^l 

IHg. 31 is a large foraminifer ^^f^^^^^^^^H 
haped like and the Latin ^^^^^^^^^^^^^B 

or numpius, suggested for ^^^H^^^^^^^^l 

he name it bears, — a Niimmidilt: ^^^H^^HI^^^H 

Shells, corals, crinoids, and fora- eoujh v.i.u. 

niuifers consist almost solely of carbonate of lime, — the 
naterial of limestone; and hence tlieir consolidation makes 
imestone. Shells, corals, and crinoids are usually more or 
CSS ground up uuder the action of the waves or currents 
if the ocean, and thua reduced to fragments or sand, before 
hey are consolidated. Much coral limestone of existing seas 
— the rock of coral reefs — shows no trace of the corals of 
tfhich it was made, because all were ground by the aid of the 
yaves and currents to a coral sand or coral mud before con- 
(olidation. But in other cases the rock contains fragments of 
;he corals or crinoids, and sometimes entire specimens. Pig. 
34 shows the aspect of a crinoidal limestone when the crinoidal 
remains are not wholly ground up; the disks and cylinders 
ire portions of the stems of the crinoids. The coral reefs 
>f the Pacific are coral-made limestones, and some of them 
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are Imndreils of B(iiLara luiies in areu and many hundreds 
of feet ill tliickness. 

Foramiiiifera are so minute that they ueud no grinding ill 
order fo make a Jine-graineJ 
*'^ * rock. Tliey live in sea- 
waters of all depths, and 
are especially abundant over 
the sea-bottom down to a 
depth of twelve or fifteeii 
thousand feet, as has been 
proved by soundings in tk 
Atlantic betwtcn Ireland 

and Newfoundland, and 

elsewhere. Clialk is madij 
mainly of foraminifers, and was of deep-water ori^ ; and 
clialk ia now making, and has been through ages past, over 
the bottom of the ocean. 

There are also some plants, of flie order of Sfa-weeds, that 
secrete IJme, and which have thereby contributed to rock-mak- 
ing. Among these are included (1) cond-making plauts, called 
KiiUiporei, — so named from the fact tliat, while looking like 
corals, they liave no pores or cells ; (2) Corallines, which are 
relatfid to Nullipores, but have delicate jointed stems; (ill 
Coccoliths, which are microscopic calcareous disks, very abun- 
dant over some parts of the ciceau's bottom and occurring also 
ill shallower waters. 
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2. BSaklng of Silioeona Rooks c 

Some of the juiuutest aud simplest of plants and animals 
ike stony secretions of silica instead of carbonate of lime, 
d hence form out of their stony secretions beds of silica 
stead of beds of limestone. Although minute, oft«n requir- 
5 a high microscopic power even to see them, such species 
ve thus been large contributors to rock-making through all 
ological history. Many of them ate remarkable for their 
auty of form and textiu*. 
The plants here included are called Siatomt. Nearly all 

1 too minute to be distinguished 

thout a lens. Some of the forms "«^ »*•"■ 

5 shown, highly magnified, in the i 
uexed figures, 35-40. They are 
range forms for plants, and still 

2 known to be of this king- 
■m of life. They have lived in 
ch numbers over the bottoms of 
allow ponds, marshes, and seas, fij. ^ p 
at the infinitesimal shells have t^^'l 
metimes made beds scores of ^' »h »=■" ^' sominrm. cm.L ■. v. 
rds in thickness. The material 

such beds looks like the finest of chalk. Owing to 
e hardness and extreme fineness of the grains, it was used 

a polishing powder long before it was discovered that 
eh particle was the secretion of a mictoscovVc "«a.\«,T--^afl*„ 
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It is obtained from the bottoms of maiij marahes, will si 
for poliijhiujj ; uiiJ tbe packages in the shops from biiib il 
Maine am kbeliuil .ViVf.r, A brd of great extent in "Virgiirii, 




near Richmond, is in some phices thirty feet thick ; and a a 

of the dust, under tlie microscope of Ehrenherg of Berlin, 
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10 first madt known the nature of tliese polishing powders, 
presented the appearance shown in the foregoing figure, 
lese forms were all in the field of his microscope at one 
ae. Nearly every particle is a Diatom or a fragment of 
e. Some beds near Monterey, in Califoruia, have a tliick- 
=s esceeding fifty feet. .-' 

Among animaU making siliceous shells, the following are 
imples. {1} A kind illusfrated in Figs. 42-14, reiated 
the foraminifers, the 
inais being Rhizopoda, 
t differmg in their 
ras, and in secreting 
ea instead of lime. 
(3) Most Sponges, for 
inges are animal in oa- 
re. Ordinary sponges 
: made of horn-like fibres ; but in the living state these 
res are covered thiuly with an animal coating which is in 
ility a layer of microscopic animals hardly higher in grade 
in Ithizopods. In a large part of them these homy fibres 

B bristled with, minute spicules of silica of various forms, 
few of these forms are shown in Figs. ^ha-L Some of 
e oblong pieces or fragments in Fig. 41, page 36, are spi- 
Jes of aucjenf spongps. 
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Other sj)oiig(.'s consist wholly of fibres of transparent 
L'xcrptiug a thiu coating of auiinal materiaL Que of these sil 
ccous hipoiigcs from the bottom of the East India seas 
represented in Fig. 46, but only half the DAtaral size. T 
extreme delicacy of the structure might hardly be infen 
from the figure; for the sjwnge looks as if made of sp 
ghiss, and as if too fragile to be handled. Such silice( 
sponges are common over the bottom of the ocean, and 
various depths below the reach of the waves, whose violei 
thev could not withstand. 

The J/ifit of the world, or /lornsfone as the most of it 
called ([)ag(; 4), is nearly pure silica (or quariz), and, 1 
([uartz, it seratches glass easily. It is found imbedded 
limestones and other rocks. It has been made for the n: 
part out of diatoms and spicules of sponges, and without 
unusual degree of heat. This fact shows that such depoj 
when under water, may be partly dissolved by the cold wat 
and then consolidatcMl without any external aid beyond 1 
afforded by the saline ingredients of the waters. By the sj 
means shells and other fossils have often been changed 
quartz, or Imve undergone a true petrification. 

Besides shells, corals, crinoids, foraminifers, diatoms, 
sponges, relics of various other kinds of animals are c 
tained in rocks or have contributed to their material. Ti 
are the harder parts of Worms, Insects, Spiders, Centipe 
and of various Crustaceans (among these last, Shrimps, Cr 
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and inferior kinds) ; the bones and scales of Fishes and Eep- 
tiles; the bones and occasionally the feathers of Birds; the 
bones of Quadrupeds of various kinds, and remains of various 
other forms of life; and, besides, the tracks of animals, from 
those of Worms and Insects to those of Quadrupeds and Man. 

The living species of the globe that have contributed most 
to rocks are those of the waters, because rocks are mainlv 
of aqueous origin; and chiefly marine species, because the 
greater part of rock-making has been performed by the ocean. 

Oceanic life is in greatest profusion along the shallow 

waters off shore, down to a depth of a hundred feet, — 

the corals making coral reefs in our present seas not living 

at a greater depth than this. But there is abundant life at 

greater depths, and even over the ocean's bottom down to 

about 15,000 feet. Crabs with good eyes have been obtained 

from the sea-bottom at a depth of 5,000 feet; lobsters without 

eves at a depth of 5,000 to 12,000 feet; and a few living mol- 

lusks from a depth exceeding 12,000 feet Besides these species, 

there are through all these depths scattered Corals, Crinoids, and 

delicate siliceous Sponges related to that figured on page 39. 

But Rhizopods are the most abundant species (page 82), and with 

them there are the minutest and simplest of plants. Diatoms and 

Coccoliths. 

3. Making of Peat-beds. 

In marshy areas, where spongy mosses of the genus Sphag- 
num are growing luxuriantly along with other water-loving 
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plants small and large^ and some kinds that can stand the 
water, but would thrive better were it drier, there are always 
deposits of leaves and stems and other remains of plants 
fonning under the water. The moss, which is the chief plant 
in the increasing deposit, has the faculty of dying below 
while growing above; and thus its dead stems may be many 
yards long, while the living part at top is only six inches 
or so. The small plants and shrubs, and the trees, if such 
there be, shed their leaves and fruit annually, and these fall 
into the water. Annual plants die each year, and their stems 
are buried with the leaves. All the plants, the mosses ex- 
cepted, sooner or later die, and thus branches and trunks are 
added at times to the accumulation in progress. Birds and 
quadrupeds may add their bones, and insects, with the vari- 
ous inferior kinds of life in such places, may become min- 
gled with the other relics. 

The materials of plants buried under water undergo a kind 
of smothered combustion. They become black, then, below, 
are reduced to a pulpy state, or rarely to an imperfect coal; 
and the mass thus altered constitutes what is called peat. 

Dry woody material consists, one half of carbon, or the 
main constituent of charcoal, along with two gases, oxygen 
and hydrogen; and in the change the proportion of the gases 
to the carbon is diminished about one fifth. The black color 
— one result of the change — is due to the carbon, as in the 
case of the black color of soils, many muds, and black clayey 
aiid calcaieoas rocks. 
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The bed of peat sometimes increases until it is scores of 
yards in depth. Ireland is noted for its peat swamps; the 
"mosses,^^ as they are called, of the Shannon, are fifty miles 
long and two to three broad. Peat swamps are common 
over all continents out of the tropics. The Dismal Swamp 
in North Carolina is a peat swamp from one end to the 
other; and no one has yet ascertained the depth of the peat. 

The world has had its peat swamps in all ages since the 
first existence of abundant terrestrial vegetation ; and they 
are the sources of all its coal-beds, each coal-bed having 
been first a peat-bed. But the kinds of plants concerned 
have varied with tlie successive ages. 

2. Quiet Work of Air and Moisture. 

When rocks are wholly under water, whether it be salt 
or fresh water, they are generally protected from decay. But 
if above the water, so that air as well as moisture has 
free access, nearly all become altered, and many crumble to 
sand or change to clayey earth. Blocks of some kinds of 
sandstone that would answer well for under-water structures, 
when left exposed to the air for a few years fall to pieces 
or peel off in great concentric layers. Crystalline limestone 
(white and clouded marble) in many regions covers the sur- 
face with marble dust from its decay. Gneiss and mica 
schist are among the durable rocks ; and yet much of the 
gneiss and mica schist of the world undergoes slow alter- 
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ition, so that in some regions they are rotted down or have 
become soft earth or a gravel to a depth of fifty or a hun- 
ired feet, and even two or three hundred in tropical coun- 
tries. This is the amount of decomposition produced in those 
places through a very long period of time, perhaps the whole 
time from the epoch of their elevation above the ocean. 
But it is no measure of the amount that would have taken 
place if the decayed portion had been removed as it was 
formed, as has often happened; for, in that case, alter- 
ation would have proceeded with greater rapidity because of 
the freer access of air and moisture. 

The granite hdls are often thought of as an example of 
the everlasting, as far as anything is so on the earth. But, 
while there is granite that is an enduring building-stone, 
a large part of the granite of the world becomes so changed 
on long exposure that the plains and slopes around are 
thence deeply covered with the crumbled rock, and great 
masses may be shivered to fragments by a stroke of a sledge. 
Many granitic elevations over the earth^s surface have dis- 
appeared beneath their own debris. 

Much trap-rock is as firm as the best granite. But other 
kinds are rotted down to a depth of many feet or yards, and 
sometimes only here and there a ledge shows itself above the 
groimd as the remains of ranges of hills. Even the most 
solid trap, where exposed to the elements, has a decomposed 
outer layer, or is weathered, as the change is caHad. TW 
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cruat is often but a line or two deep and has every 
the same depth over blocks of like kind. B.ut this ( 
is constant, because, as the elements eat inward, there I 
gradual a loss of the altered grains over the outer suifal 

Thus invisible agencies are prodacing the slow i 
tion of the exposed parts of nearly all the rocks i 
globe, even to the tops of the lofty mountains. The i 
kinds of slates {ai^yllite}, some hard conglomerates I 
gneisses, and the compact limestones are the rouks thata 
the elements most successfully. 

In this way rocks have been prepared for the roJ 
geological work carried on by moving water and ice ; anJ 
through the same means the earth or soil of the world lias 
to a large extent been made. 

This quiet work of air and moisture is really chemical 
work ; and it is mostly performed through the chemieal 
action of two ingredients present in them, — carbonic aeii 
and oxygen. Other agencies aid in this slow destruction, as 
explained on pages beyond. 



\ 



3. The Work of Winds. 
"Winds, or moving air, carry sands from one place tc 
another, and wherever the earth's surface is one of dry sand, 
and the winds blow strongest and longest in one direction, 
great accumulations of sand are made. Even when the win- 
dows of a house in a city are ordinarily kept closed, the dusi 
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^ g®* in. The west winds have driven the sands of. the 
r Desert of Sahara over parts of Egypt, and the ruins of an- 
cient cities have thus been buried. 

Sea-shores are often regions of sand, owing to the work of 
the waves. The heavy winds take up the loose, dry sands and 
cany them beyond the beach, to make ranges of sand-hills, 
often 20 to 30 or more feet high. Thence the hills frequently 
travel inland, through the same means, sometimes burying for- 
ests, as on the west coast of Michigan, sometimes overwhelm- 
ing villages, as in England and France, leaving at times only 
the top of a church-spire to mark the site. 

The stratification of a hill of drifted sands is so peculiar 
that it is easy to tell when sand-rocks have been formed 
through the agency of the winds. Fig. 47 represents a part of 
a section observed in the Pictured 
fiocks on the south shores of Lake 
Superior. The layers dip in many 
directions. Such a structure is ow- 
ing to the accidents to which the 
sand-hills are exposed. A heavy 
storm — perhaps aided by heavy waves at high tide — often 
carries away part of a hill. Then the winds build it up anew, 
putting the successive drifts — which make the successive lay- 
ers — over the new surface, differing much from the first in its 
slopes. The hill suffers from another storm, and is again built 
up during the period of quieter weather that follows. This 



Fig. 47. 




Put of a sMtioii of a drift laad-biU, 
ihowlng the rtratiflcatioiL 
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may take place many times. The result is the kind of itt^-J 

larity of stratification illustrated in the cut. 

Sands carried by winds over rocks often wear the sur 

deeply, as noticed in the Colorado desert, in the Grand Tam 
, region near Lake Michigan, and elsewhere. Tliis a^ncy Im I 
f scoured out gorges, shaped and undermined blntfs, aud worn 1 

away rocks, in the dry parts of the Eocky Mountain r^ioii. 

Man has taken the hint, and now uses sand driven by skm I 

to etch on glass and to carve granite and otlier rocks. 

4. The Work of Fresh Waters. 

Running water is at work miiversally over a contiuejl 
wherever there is a slope to produce movement, and the cloud! | 
yield laiu; and it acts with greatest enei^y where the slope is 
greatest, or about high hills and mountains. 

The waters of the rains, mist, and dew about the mounlain- 
tops descend in drops and rills, and then gather into plungiiis 
streamlets and torrents ; the many torrents combine below into 
larger streams ; and these, from over a wide region, unite to 
make the great rivers. The Mississippi has its arms reaching 
westward and northward to various summits in the Rockv 
Mountains, and eastward to the Appalachians; and its great- 
ness is owing to the vast breadth of the area it drains. Not 
only mountains, but every small elevation over a land, ami 
even its little slopes, have, when it rains, their rills combining 
into torrents, and these into lai^er streams, wbich flow ofT (o 
join some river. 
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Che waters of the clouds no sooner drop to the ground than 
y begin to work, tearing off and carrying away grains of 
th from the rocks or slopes. The stronger rills act in 
J way with much greater effect; and the torrents move 
aes as well as earth. This work over the larger part of a 
jitry may be almost wholly suspended in the dry season. 
b when the rains set in the surface is alive with its work- 
smaU and great. Torrents become increased immensely in 
th and force, and earth and often rocks are torn up and 
ne along in vast quantities. 

rhe more rapid the flow of the water the coarser the de- 
us it can transport; and as a stream slackens its rate the 
rser material falls to the bottom, leaving only the finer to 
carried on. Thus the large stones and then the smaller 
I drop as the torrent becomes less and less violent ; but the 
th and gravel may be borne on to the rivers ; and these, in 
ir times of flood, may carry a large part of the burden of 
th to the ocean. Under such a rough-and-tumble move- 
at stones ai*e worn to earth and gravel, and in this pulver- 
1 state they may continue the journey seaward. A single 
vy rain-storm has sometimes so filled the narrow gorges of 
aoontain that vast deluges of water, rocks, gravel, and trees 
e swept down, carrying away houses and spreading desola- 
1 over the plains below. 

rhrough the wearing effect of rivers and their tributaries, 
chiiig to every part of a continent, the movKcvfeaMx^^ ^N<et 
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since their first emergence, have been on the move to ilit 
ocean, and we cannot judge of their former height from nkl 
now exists. 

The process of erosion is often called, in geology, 1^,71 
flatidn, because mountains and hills are mode low by it; ,1. ' 
denudation, because it removes their exterior. 

The average amount of sediment annually carried to 1 
borders of the Gulf of Mexico by the Mississippi River i, 
been stated to be 812,500,000,000 pounds, or enough to maV 
a pyramid a square mile at base over 700 feet in heiglit. 
This material is deposited about the mouth of the river, and 
is gradualiy extending it farther and farther into the Gult, 
The fine sediment of rivers settles much more rapidly in snii 
water than in fresh, and this is one reason why this material 
is prevented from being carried off to the deep ac«an, 

The great area about the mouth of a large river over whicii 
these deposits are distributed is usually intersected by chnii- 
nelsj and constitutes what is called a delta. Fig. 48 represents 
the delta of the Mississippi. 

The channel of the river extends far into the Gulf dt 
Mexico, and terminates in several mouths. The delta stretches 
northward nearly to the mouth of Red River, and has an area 
of about 12,300 sr|uare miles. The waves and currents of tlie 
Gulf act with the currents of the river in tlie deposition of 
the sediment. 

The Mississippi is nu example of what all rivers are doill 
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.ch according to its ability. Some carry their detritus to lakes, 
I extend theii shores, and aid in filling them. But much of 




! detritus is lei'l uii llio viiii ■ 

.led all'itinm. Aguiii, a kii^t- pu 
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is distributed along the borders^ making sand-flats^ mud-flatSy 
and ultimately good dry land, to widen the serviceable aiea 
of the continent. 

The banks and bottom of a river are generally made of coarser 
or finer material, according to its rate of flow in the different 
parts. Where it is very slow the bottom and banks are sure 
to be of mud, for the very slow movement of the waters givea 
a chance for the finest detritus to settle; but if rapid it will 
consist of pebbles, if the region contains them. The bank 
struck by the current is, in general, more pebbly than the 
opposite. 

The action of the waters of large lakes in rock-making is 
to a great degree the same as that of the ocean. 

5. The Work of the Ocean. 

The meclianical work of the ocean has been carried forward 
chiefly through (1) its tidal movements; (2) its waves; and 
(3) its currents. 

1. Tides. — With each incoming tide the waters-flow up the 
coast and into all bays and mouths of rivers, rising several 
feet and sometimes yards above low-tide level; and then, with 
the ebb, the same waters flow back and leave once more the 
mud-flats and sand-banks of the bays and coasts exposed to 
view. This retreat of the tide allows the rivers to discharge 
freely and carry out their detritus to sea; but soon again the 
inflow stops the movement outward and reverses it, and dur- 
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ug the time of slackened flow the waters drop their detritus, 
— part about the mouth of the stream, part along the adjoin- 
ing coast, and part in the shallow waters of the sea outside. 
2. Waves. — The sea in its quiet state is rarely without 
some swell, which causes at short intervals a gentle movement 
on the beach and some rustling of the waters along rocky 
shores. Generally there are waves and breakers; and when a 
heavy .storm is in progress the waves rise to a great height 
and plunge violently upon the beach and against all exposed 
cliffs, wave following wave in quick succession through days 
or it may be weeks together. With each storm the waves 
renew their violent strokes, and in many seas the action is 
incessant. 

The plunge on the beach grinds the stones against one an- 
other, rounding them and finally reducing them to sand, and 
the sand to finer sand. The waters after the plunge retreat 
down the beach underneath the new incoming wave; and this 
' undertow ^^ carries off tlie finer sand made by the grinding 
to drop it in the deeper waters off the coast, leaving the 
coarser to constitute the beach. 

, Thus wave-action grinds to powder and removes the feldspar 
and other softer minerals of the sand, and leaves behind the 
harder quartz grahis; and consequently, ^^wherever there are 
)eaches of sand, there are offshore deposits of mud made out 
)f the fine material carried seaward by the undertow. In no 
.ge of the world have sand-beds been formed without the 
nakin^r of mud-beds somewhere in their vicinity. 
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The cliflfs, or exposed ledges of rock, are worn away under 
the incessant battering, and afford new stones and sand fot 
the beach, and the shallow waters adjoining. Most rocky 
shores, especially tliose of stormy seas, show, by their rugged 
cliffs, needles, arches, and rocky islets the effects of the storm- 
driven waves. 

It is to be remembered that the ocean, as stated on page 
4'2, often finds the work of destruction facilitated by the 
weakening or decomposition the rocks have undergone thtough 
the quiet action of air and moisture, and also through other 
means explained beyond (page 63). 

The waves, as they move toward the shores over the shdv- 
ing bottom, bear the sediment in the waters shoreward, and 
throw more or less of it on the beach. And thus the beach 
grows in extent. The sediment is, in general, either what it 
gets from the battered rocks of the coast, or what the rivers 
pour into the sea. At the present time the Atlantic receives 
an immense amount of detritus through the many large streams 
of Eastern Nortli America; and as a consequence the shores 
are extensive sand-flats from New York southward, with shal- 
low sounds inside ; and the latter are the spaces not yet filled 
to the water-level vnth. the deposits of detritus. The coast 
has been growing seaward for ages through the same means, 
with but little aid from the wear of sea-shore cliffs. But in 
the earlier geological ages this was not so; for the continent 
was to a large extent more or less submerged, and the waves 
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aenade a free sweep over its surface, battering the rocks in many 
jplsices, and thus making its own sediment; for there were only 
'«niall streams on the small lands to give any help. 

In the warmer seas of the world tmllusks are very abundant. 
The heavier storm-waves tear them from the muddy bottom 
"where they were alive, and throw them on the beach. There 
they are exposed to the incessant grniding whicli stones and 
ordinary sands experience elsewhere, and thus are reduced to 
Band. Every storm adds to the shells of the beach as well 
as to the shell-sand. Thus sand-deposits form that are made 
out of shells alone; and they keep growing and may become 
f' of great extent. The finer shell-sand is swept out into the 
5- shallow waters, and there produces a finer deposit. The hard- 
ening of such deposits makes limestone; and the shells that 
happen to escape the grinding are its fossils. In this way 
limestones have been made in all geological ages. Shell rocks 
- are now forming at St. Augustine, Florida, and the limestone 
\' there made is used as a building-stone. 

Li other parts of tropical seas there are corals growing 
profusely within reach of the waves, or within 100 feet of 
the surface. Many are broken or torn up by the waves and 
carried to the beach, and there are ground up and spread out 
in beach deposits and off-shore deposits. These beds of coral 
sand or mud harden, and then become the coral reef rock, 
— a true limestone, similar to many of ancient time. South 
of Florida, and in other parts of the West Indiea, iw \^^w\& 
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parts of the tropical Pacific, and aLfo in the Eiist Indies M\ 
Ecd iie», these coral limestones are now in progress. 

3. Cmrents, — The ocean has its system of circulation, »l 
sat currents. The Gulf Streaqj is part, of it; its wato!, 
flowing westwardly in the tropical Atlantic, bend norliwarf 
1 they pass tlic West India seas, and then pass northeast- 
ward, parallel witli the Nortli American coast as far as NeT- 
foundlimd, gradually curving eastward. Thence a part continnH 
either sids of Iceland to the Arctic seas, from which there is 
a return, aa a cold Labrador current, along the coast of Lab- 
rador and farther south. Tiiis great current moves but 5 
miles an hour when swiftest, and this only in part of tb 
straits of I'loriiia. Its average rate, parallel with North Amer- 
sa, is 2 J miles an hour; and it is hardly felt at all anywhf 
along the sides of the continent, not even in the Floriili 
straits. It hence gets no detritns from the wear of coasts, 
and is too feeble to carry anything but the very finest silt. 
The ocean's bottom shows that it receives almost nothing 
either in this way or from the currents of great rivers. When, 
however, the continents were submerged a few hundred feet 
or leas in ancient time, the currents swept over the surface, 
and must have done much work in wearing rocks and trans- 
porting detritus. 

Both waves and gentle currents raise ripples over the sands; 
and such ripple-marks, made by the ocean in ancient time-s, 
are often preserved in the rocks (Fig. 49). They sho\v that 
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the sanils uf wliicii the rocks were then; fonuL'J 
reach of waves or gcutle currents. 

The mud of a mud-Hiit or of a dried-up piidJIc idong a 
roadside is often found cracked as a conse(iiieEce of drying ; 
nnd such mud-erarh arc frequently preserved in sedimentary 
nicks (Fig. 50). They are of great interest to ttie geologist; 
for they show that the luyer in which they occur was not of 
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^water origm; but beyond question was exposed, for a 
; at least, above the water's surface to the drying air or 
, as mud is now often exposed along a roadside, or over 
! mud-flats of an estuary. Such cracks become filled with 
I next deposit of detritus, and this filling baa often been 
afterward so consolidated as to be harder than the rock out- 
side ,- and hence on a worn surfece the filliai^ ol tW tiw^sa. 
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geuerally make a network of little ridgelets, as in the ]in- 

ceding figure 

Again mud flits "iometimes have the surface covered iritli 

rain drop nnprcssions after a short sliower in which the drops 

were large and m-in\ sh-iks (rocks made of mud or cUy) 
retain these markings (fig. 
51) ; others have impressions 
of the footprints of animals, 
even tliose of insects. 

Such delicate impressions 
are preserved, because sood 
after tliey are made thej be- 

BAla-dnp Imnemlou -i . < ■ 

come covered with a layer 
of fine detritus and aft r thit nothing can erase them shoil 
ot the remo\al of the deposit itself 

The rocks that have been made by fresli waters and the 
oceans are of \j&t extent T!iev are the sandstones, conglom- 
er-ites, md sliales of the world and they include the limestones 
also The ocean lias dcm fir the larger part of the rock-mak- 
ing In the eirlier geologicil ietcs it worked almost alone; tor 
the lands were \erv small, and only Ini^e lands can have la^ 
rivers and river deposit-. Afterward, in tlie coal-era, tliere 
was at leist one large delta or estuary on the borders of the 
Amencan continent — tint of the St. Lawrence; and ever since 
nvers hi\e gi\eTi important aid During the last of the ages, 
after the continents had reached nearly their present extent, 



WORK OF ICE. 57 

and the mountains their modern height and numbers, rivers 
have done the larger part of the distribution of rock-material. 
Sedimentary rocks show that they were formed through the 
action of water, often in the rounded or water-worn pebbles 
they contain, or the water-worn sand, or from a resemblance 
in constitution to a consolidated bed of mud or clay; in their 
rehcs of aquatic life, and the iiidicjitions of wave-action or cur- 
rent-action above pointed out; and in their division into layers, 
such as exist in known sediments or deposits from waters. 

6. The Work of Ice. 

1. Expansion on freezing. — When water freezes it expands. 
If it freeze in a pitcher, the expansion is pretty sure to break 
the pitcher. Tf it freeze in the crevice of a rock, it opens the 
erevice; and by repeating the process winter after winter in the 
colder countries of the globe, it pries off and breaks apart rocks, 
and makes often a slope of broken blocks, or talus, at the foot 
3f a bluff. By opening cracks in this way it gives air and 
moisture ncAv chances to do their quiet work of destruction. 

2, Traiisportation by the ice of rivers or lakes. — "When 
water freezes over a river it often envelops stones along the 
!ihore; and then, whenever there is a breaking up, the ice with 
its load of stones is often floated off down stream; or if the 
Hrater of a stream or lake rises in consequence of a flood, the 
stones may be carried farther up the shore and dropped there. 

In cold countries ice often forms thickly about the stones 
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in tlie bottom of a stream ; and as it is lighter than water it 
may become tliick enough to sen^e as a float to lift tiie stone 
from tlic bottom, so tliat both ice and stone journey togelbn 
with the current. 

These are commonplace ways in which ice does geoloiricJil 
work. Its greater labors are performed when it is in iLe 
condition of a glacier. 

3. OlacierB. — Glaciers are broad and deep streams of ict 
in llie great vaUiys of snowy mountains like the Aljts. TTw 
snows that fall about the summits above the level of perpetn^ 
snow accumulate over the high region until the depth is caB 
or more liuiidrnd feet. At bottom it is packed by the 
ure and becomes ice. Its weight causes the ice to di 
the slojK's of the mountains' and along the valleys, w!» 
flits from side to side. The- width of the ice of the vaStj 
may he .^^cvcral miles; its depth in the Alpine valleys is got- 
erally from -200 to 500 feet. 

Tlie ghiciers descend far below the line of freezing to irfw 
the fields are green and gardens flourish; and this takes ^bc* 
because tliere is so tliick a mass of ice. In the Alps tBe 
glaciers stretch down tlie valleys 4,500 to 5,300 feet bekw 
the snow-line. At Orindelwald two glaciers termiuate witliiii 
a short distance of t!ie village. 

The rate of movement in the Alps in summer is mosUy 
between 10 and 20 inches a day, and half this in winter; 12 
inches a day corresponds to a mile in about 14^ years. 




from a preeipifous to a horizontal surface. Tlie ice lias to ac- 
commodate itself to all these variations. On turning an angle 
it is broken, or has great numbers of deep " crevasses " made 
through it, especially on the side opposite the au^\e. O-i^^om.- 
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mciiig a rapid descent, great breaks, or crevasses, cross tk I 
iglftcier from one side to t!ie other. On reaching a leve! plan I 
:lgain the ice closes up, mid the glacier loses nearly all its I 
crevasses. The ice is brittle, and freezes together when tiiaj 
seiwrated jmrta are brought in contact again ; so that, ) 
moves, it goes on breaking and mending itself. Ice is plaatj^ 
for it may be made into rods by pressing it through a hem 
and will take the impress of a medal ; so that it can acconium- 
date itself in lliis way also lo ihe changing eliiiracter of lii'- 
surface over which it moves. 

Along the sides of the glacier the cliffs ul' rock often semi 
down stones and earth, or avalanches of ice and rocks; aiiil 
these make a line of earth and rocks along either margni, whicti 




^B is called a moraine. These niornines are carried with the ice 
^K to where it melts, and there dropped. Other blocks are taken 
^^lii^ bf the sides and bottom ot f\ie g\iv(i\e,T. 
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Wherever u gLiciwr lias moved the rocks aru scratched, 
Laned, or polished, often with great perlectiaii, tis illustrated 
[1 rig. 5;3. 
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iiif called 
. .^4 repre- 



of rocks also are rounded, making 

eep-backs, or, in Trench, toi-Iips mouionnees. 

aenis the TocAes mmitonneei in a vniley of the moiiutttins of 

Critorailo, — a valley leading up to the Mountain of t!ie Holy 

Cross, seen iu the distjrat part of the view. It U from the 

of Dr. na\den for 1873. No glaciers exist there 

but once they ivtre of great extent and diplh. Tlie 
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scratching and polishing are done by the stones in the bottom 
and sides uf the glacier; and these stones, as is natuiol, Sit 
also planed off and scratched. 

4. bebei^ — In the Arctic regions the glaciers of Green. 
land, loaded with their moraines, extend down into the sea, 
and the part in the water sooner or later breaks off and fioals 
away as an tceherg. These icebergs are carried south hj tlif 
Labrador current, and large numbers of them in the course of 
a season reach the Banks of Newfoundland. There they finii 
the waters warmer, in consequence of the nearness of the Gull 
Stream, and they melt and drop their burden of stones nnd 
earth into the waters. It has been suggested that the Batilij 
of Newfoundland owe their existence to the melting and con- 
sequent unlading there of icebergs. 

It thus apjjears that ice does geological work (1), in the act 
of formation, through its expansitin ; as glariei-g, (2) by trans- 
porting over the laud earth and stones and rocks, ^ — some of ths 
rocks as krge as ordinary-sized houses, — and dropping them 
when the ice melts; (3) by tearing apart rocks through ii' 
movement wherever there are opened seams into which it c.iii 
pass ; (4) by wearing deeply into the soft rocks over wliicli it 
may move, and scratching and polisliing hard rocks ; and, ns 
fioating tee or icebergg, by transporting rocks, stones, and eartli 
from one region to another; and (5) it often makes temporary 
dams across valleys, that cause great devastation when tlifv 
give way. 
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7. The Work of Heat in Rock-making. 

The effects here mentioned are the following : — 

1. Expansion and contraction from change of temperature. 

2. The fusion of rocks, and their ejection through volcanic 
/ents and fissures. 

3. Solidification and crystallization of fragmental rocks, 
;hrough long-continued heat, and the filling of fissures and 
naking of veins. 

1. Through Expansion and Contraction. 

Owing to the alternation each day of sunlight and darkness, 
he surfaces of exposed rocks experience an alternate heating 
ind cooling, and therefore alternate expansion and contraction. 
[his cause, which is sufficient to break the solder of soldered 
netaUic roofs on houses, to loosen the cemented blocks of a 
;tone wall, and to give a perceptible movement to high stone 
ewers, tends to start off the grains, and sometimes separates 
in outer layer from bare rocks, especially when the surface is 
.veathered. As it is in action over tlie whole surface of the 
jarth, it is an important addition, in a quiet Avay, to the 
chemical work of air and moisture, in the making of earth or 
^avel for the formation of rock deposits; and it has been so 
3ver since the sun first shone upon bare rocks. A foot or two 
)f soil is a protection against this method of degradation. 

Heat gaining access to rocks beneath a region. ex.^anda 
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them mill causes an elevation of tlie surface; and loss q£ batj 
■ produces a reverse effect. Fractures may attend such 

Iflf level, and ulso light earthquakes. 



Maying of Roclu tJuough Fueioa: Tolcanoei. 
L Volcanoes. — Igneous rocks, or those made by the co 
E mellwl rock- mute rial, are described on page 18 as httvu^ 



i: 




come to the eartlt's surface fruui below tlirough fissures; i 
also as sometimes having been ejected at intervals from ( 
and the same opening for long periods of time. 
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When fissures are filled and closed by one eraption, they 
aake dikes of igneous rock, and also one or more beds if 
he melted material flows from the fissure over the region 
idjoining. 

But when a vent remains open for many successive eruptions 
t becomes then the centre of a true volcano or fire-mountain. 
The outflows of liquid rock, and ejections of volcanic sand or 
cinders from one side and the other around the vent, produce 
a hill or mountain of a form more or less nearly conical. 
Pig. 55 represents Mount Shasta, one of the volcanic mountains 
3f Western North America, liaving an elevation, according to 
Whitney, of 14,440 feet. It is not now in action, yet has 
lot springs near its summit. It also represents well the gen- 
jral form of tlie great volcanoes of the Cascade range to the 
lorth of it in Oregon, and of those along the Andes in South 
bnerica. Of the latter Cotopaxi is an active volcano 19,660 
eet in height, and Arequipa another, 18,877 feet, while Acon- 
agua^ of Chili, has a height of 22,478 feet, and is the loftiest 
)eak in the Andes. 

Active volcanoes send forth only vapors in their times of 
[met. In periods of eruption streams of lava (or liquid rock) 
ne poured out, — either over the edge of the crater or 
hrough breaks in the sides of the mountain. Tlie latter is 
he common mode. At the same time cinders — or fragments 
)f lava — are often thrown from the crater to a great height 
ibove the volcano, to fall in showers around. 
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Volcanoes vary much in angle of slope. When made d 

cinders the angle is often 40° to 42**. If formed through the 

alternations of lavas and cinders, or of tufas, the slope may be 

30° or less, as in Figs. 55 and 56. Fig. 56 gives the slopes of' 

Fig. 66. the volcano of Jorullo, in Mexico. Many 

of the grandest volcanoes of the world, 
like Etna, and those of Hawaii, in the 
Sandwich Islands, liave an exceedingly gentle slope, — the 
height only a twentieth of the breadth, as in Fig. 57, giving 
the slope of Mount Loa, of Hawaii. These last are made 
almost solely of lavas; and they have so gentle a slope, be- 
cause the melted rock of the region flows off freely. 

Tlie eruptions of volcanoes are owing mainly to the waters 
that gain access to the fires. The rains of tjie region produce 

Fig. 67. 




underground streams that descend and pass into the melted 
rock, there to be changed to vapor ; and sea- water, when vol- 
canoes are near or in the ocean, presses its way in, or gains 
access suddenly through fractures. The vapor penetrating the 
liquid mass expands the whole, causing it to rise in the vent. 
The fires become hotter with the increasing height of the col- 
umn of melted rock in the mountain, and the vapors more 
active. The pressure from the high liquid column, and from 
the vapors, breaks the mountain, and the lavas run out, devas- 
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iting the country, it may be, for a score of miles or more. 
Vien tlie sea gains sudden access to a volcanic vent, the erup- 
ion is accompanied with violent quakings of the mountain. 
Iveiy few years the country on one side or another of Vesuvius 
I deluged with the fiery rock, cultivated fields buried, and not 
ofrequenlly villages destroyed. Pompeii and Hercidaneum 
ere buried beneath the cinders of an eruption ttiat took place 
. ihe year 79 of our era; and since then several streams of 
va have flowed down over Herculaneum, adding to the dejilh 

rock over it. The deposits of cinders make a kind of soft 
ndstone called tui'a. 

Mount Loa, on Hawaii, has had six great eruptions through 
isures in the sides of the mountain within 30 years. Tliere 

a summit crater (L on the map) at a height of 13,700 feet, 
id another called Kilauea (at P), nearly 4,000 feet above the 
a, which is the larger of the two. Tlie map shows at 1, 2, 
, i, 5, and between P and K, the courses of the eruptions. 

is the position of another volcanic mountain, Mount Kea, 
i high as Loa, and H, of another, 10,000 feet high. 

The liquid rock comes up from some deep-seated fire-region. 

Volcanic mountains are very numerous along the Andes; 

Central America and Mexico; in Oregon and Washington 
erritorj', from Mount Shasta to Mount Baker and beyond; in 
e Alaska archipelago on the north; all along the west side 

the Pacific through Japan and the East Indies ; southward 

the New Hebrides, New Zealand, and in Antarctic regions. 
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ITius the Pacific, the great ocean of the globe, is girt vtln 

*olcauoes, besides having many over its surface. The Atlantit, 

coulrast uitli it, has none du its borders, except in the Gulf 




of Guinea on the coast of Afi-icn, and in the West Indies! 

and but few over its interior. 
Hb Hot springs often make deposits of silica around 
^Hnring to the silica the heat has enabled the waters t 
Hinp from the rocks with wliich they are in contact. 
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shorter intervals, and they are then called geysers. One of 
th(» geysers of the Yellowstone Park, in the Becky Mountaiai 
(where there are great numbers of them), is represented inifr 
tioii in Fig. 59, taken from llayden's Eeport for 1873. B 
throws the water to a height of 200 feet or more. The gg* 
sers of Yellowstone Park are mostly about the Fire-hole Biveii 
a fork of iljulison lliver, and near Shoshone Lake, the head at 
Snake Kiver, and not far from the head of the Yellowstone. 
The number of hot springs, hot lakes, and geysers in the Pai 
has been stated to be not less than 10,000. 

Solfuiiiras are regions about volcanoes where vapors issne 
and sulphur is deposited. The name is from the Italian for 
sulphur. 

3. Solidification, Metamorphism, and Formation of Veins. 

1. Solidification. — Limestones have been solidified through , 
carbonate of lime (bicarbonate) in solution in waters; also 
some sandstones by the same means, the lime-salt being de- 
rived from tlie grains of shells, corals, etc., in these rocb. 
Some sandstones hiive been partially hardened by the silica in 
solution in many cold waters, especially where there are diatoms 
(page 35) in the rock, to enter into solution. The masses of flint 
and hornstone in rocks are made out of diatoms and other sili- 
ceous relics (page 38) by consolidation in cold waters; and many 
fossils have been turned to quartz (silica) in the same way.- 

But some of the oldest of sandstones and shales are still 
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oft or unconsolidated. A large part of the more solid have 
tad the aid of heat in solidification, — heat producing siliceous 
^ters for the work. Hot waters containing in solution some 
IkaK, as soda or potash, have the power of dissolving silica; 
nd they find both the silica and the needed alkali in the 
eldspar of igneous or other rocks, and hence the waters o£ 
ot springs are generally siliceous. OKI^ 

% Metamorphism. — This heat, when it has been long cbn^ 
nued, — probably for thousands of years, — has not only con- 
ilidated the rocks, but has also crystallized them, turning 
ndstones, shales, and conglomerates into the metamorphic 
cks, granite, gneiss, mica schist, hornblende rock, and 
her kinds. Those fragmental rocks were made by the pul- 
rizing of granite, gneiss, mica schist, and the related rocks; 
d hence the return to granite, gneiss, mica schist, and the 
:e by a new crystallization, when acted upon throughout by 
at and moisture, is not a matter of surprise. 
Moisture at a high temperature has, moreover, great decom- 
•sing and recomposing power ; and many minerals — as mica, 
.dspar, hornblende, and others — may be made and crystal- 
ed through its action, and thus become constituents of met- 
lorphic deposits when not originally present. Tlie heat of 
etamorphism was generally much below that of fusion, this 
ing obvious from the fact that the sti:atification of the rocks 

perfectly retained; for the layers of mica schist and gneiss 
nespond with the bedding of the sandstoiva ot ^\v^^ ^-vi^ ^\. 
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which they were made. But, in some eases, the heat was suffi- 
cient to soften the rock, and then the planes of stratificatioE 
were obliterated, making granite instead of gneiss, — graniti 
differing from gneiss only in the absence of anything like strat 
ification or an arrangement of the material in layers. Ther 
are all shades of gradation between granite and gneiss. 

Heat has changed common or compact limestones, th 
were gray to black in color and full of fossils, into white ( 
clouded crystalline limestones, that is, white or clouded ma 
bles. In a case of this kind the metamorpliism may have co 
sisted simply in crystallization. Yet at the same time i 
impurities of the limestone have sometimes been converted 
the process into grains of mica and other minerals, which 
distributed througli the rock. Similarly other rocks, like n 
schist, gneiss, etc., have been filled with various crystalli 
minerals, as garnet, tourmaline, staurolite; and even the ge 
sapphire, ruby, topaz, and the diamond are among the res 
of the metamorphic process. Moreover, beds of earthy ii 
ores have been made into crystalline iron-ores, examples 
which on a grand scale occur in the Adirondack region 
Nortliern New York, the Marquette region in Michigan, 
in the Iron Mountains of Missouri. 

Metamorphism has been carried on at once over reg 
thousailcfs of square miles in area. The rocks undergoing 
change ..were undergoing also an upturning and fracturing 
a scale as extensive; and the movements were the source 



"the heat that caused the metamorphism, just as the rubbing 
<*f two sticks together produces heat. Tlie upturned ore-beds 
^ften look like veins of ore, and are sometimes wrongly so 
called. 

Hot springs occasionally produce metamorphism in the rocks 

^Dout them, besides causing ordinary consolidation. The 

"Waters of geysers (page 68) deposit a large amount of silica 

^11 the form of opal, making opal basins for themselves to 

play in, and spreading the opal widely over the region around. 

They also produce the petrifaction of w^ood, changing the trunk 

of a tree into silica, and generally without obliterating the 

grain or structure of the wood. But the making of such 

petrifactions does not demand heat, as they have often been 

produced in beds of earthy or calcareous mud when siliceous 

infusoria were abundant in it, as stated on page 70. 

The opal of geyser regions is of a coarse kind, yet is often 
beautiful in its forms about the pools. The precious opal has 
been mostly produced in feldspathic lavas (trachytes) that have 
been long subjected to hot waters, and w^hich, under the ac- 
tion, have yielded up part of their silica to deposit it again 
as opal in the cavities of the rock, 

3. Veins. — Rocks have often been extensively broken so as 
to te intersected by. great numbers of fissures large and small ; 
and in uptumings - the layers, especially of shaly rocks^ have 
been opened^ as the leaves of a quire of paper are separated 
more or less on bending it into an arch. The fissurea^ in 

4 
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such cases, Biid all the openings, have become filled while m 
uiiioq>liic cliiinges were in progress, by crystallized rock-mite I 
riiil, ilcrivt'd from tlic rock eitber side of tlie fracture or fn* I 
dfpths Ih'Iow ; and metallic ores of various kinds, as of bi. 1 
silver, mid ixtpiK-r, and also native gold, have often beea oi- I 
rif'd iiiti) ihc oix-'niiigs or fissures along witb the rock-materiiL I 
Veins (Figs. liO, f>l} are the fillings of fissures, and this is the ' 
most common way in which they have been made. The mite- 




rial is carried in, from the rocks on either side or below, by the 
moisturn ])rcsent, this, at tlie liigh temperature, dissolving it; 
and tlms Indian it lias pressed into all opened spaces, there 
to deposit it as long as there was open space to be filled. 
Such veins, and the seams occupying openings between layers, 
afford a large part of tlie metals of the world, iron excluded. 
Gold is found in sucli veins, or else in the gravel made out 
of gold-bearing rocks by some process of wear or destrucdoo. 
Many veins consist of quartz alone (such are most gold- 
bearing veins) ; others of coarse granite, and of various othei 
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ids of rock-material. They are frequently banded, that is, 
5 made up of layers parallel to the walls. These layers 
asist of different kinds of minerals and ores : there may be 
I outer layer of quartz ; next one of ore ; then another of 
lartz, or of calcite, or of some other earthy mineral; then 
rhaps another of ore. Such a structure is proof that the 
in was filled by deposition against the walls, one layer after 
Dther, and that they were not made by injection of liquid 
ik from below. 

Other metallic veins have been made in connection with 
eous ejections. Fissures have 02)ened down to regions of 
lid rock, and sometimes ores have ascended along with the 
lid rock; but often, in some part of tlie same disturbed 
ion, other fissures have opened which have received from 
ow only vapors or solutions of mineral matter including the 
s. The waters that exist as subterranean streams, especially 
leath stratified rocks, have frequently made their way into 
h opened fissures, and there becoming at once highly 
.ted, have aided in carrying the material upward, and also 
determining its condition and its arrangement in the veins, 
[n Fig. 61 the vem a is broken off and displaced — that 
faulted — along the line of the vein b. When the fissure 
upied by the vein b was opened the rock of one side 
)ped by, or was shoved by, that of the other side, and so 
fault or displacement was made. Such faults are very 
omon. 
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II. — Making of Valleys. 

Valleys are made (1) by erosion by the streams of tlie 
land, — the common way ; (2) by uplifting^ or flexures of 
rocks making mountains and leaving troughs or low region 
between the mountams as valleys ; (3) through fractures of \ 
the earth^s crust. 

L Valleys of erosion. — Slopes of sand or gravel are some- 
times deeply gullied by the heavy rains of a single day/ or, 
in geological language, deeply eroded, or eaten out as 
word means. This work of the rains often gives a very 
model, on a small scale, of the valleys and ridges of moun 
tain regions. The gully, or little valley, has often (1) a preci 
pice at its head ; (2) little waterfalls along the steep part of 
its course, wherever there was a harder layer of sand; (3) a 
narrow bottom with steeply sloped sides; but, near the foot 
of the liill, where the surface is nearly horizontal, a broad and 
flat bottom of sand laid down by the spreading waters. And 
the ridgelets between the little valleys have often a broken, 
knife-edge summit in their upper part, and are broader below. 
The reader should study carefully the first gullied slope of 
this kind that he may meet with, for it will be a study of 
valley-making over the world. Only a single night^s rain may 
have sufiiced to make the little valleys and ridgelets of the 
sand slope, because the sand was not firmly consolidated. But 
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'• tie rocks be ever so hard they yield in the same way, and 
i^th time enough, the same forms, on the scale of the grand- 
st momitain region of the world, have resulted. Many of 
he river-valleys of North America, and of other continents, 
Uustrate this action of running water. Watkin^s Glen, near 
tthaca, Trenton and Niagara Falb, in Central and Western 
New York, and the Valley of the Upper ^lississippi, afford 
examples. 

The character of the valleys and ridges will depend much 
on -the hardness, structure, and position of the rocks. "When 
lie beds are nearly horizontal, precipices and waterfalls are 
most common. 

The Colorado River of Western North America runs for two 
hundred miles through a gorge or canon with vertical walls of 
rock in many places over 3,000 feet high. The sketch in Fig. 
62, from a photograph obtained by PowelFs expedition, is a view 
of a portion of this canon between the Paria and the mouth 
of Little Colorado, called Marble canon. The walls in the dis- 
tant part of the view have a height of 3,500 feet, and consist 
3f limestone, whence its name. But in other parts of the Col- 
)rado canon there are various kinds of strata, and in some 
ilaces the cut has been made deep into the underlying granite, 
— and all is the work of the river. The waters have a rapid 
ind often plunging flow, owing to the slope, and carry along 
)ebbles and stones, and these stones aid greatly in the erosion. 
Jut to wear out so wide and deep a channel a long period of 




Jtinip was rcquireil. Aliove the gorge, some miles liack fromtiK 

Bver, the horizontal rocks are piled up fo a still greater li 

«;hiiig ill some places a level 8,500 feet above that of tbs 

' bed of the stream ; and these piles of strata standing in s 

urate ridges, sometimes in the form of pinnacles, castellaM 

structures, and table-topped mountains, are parts of great vxSt 

latioiiB that once spread across the wide region. 

F that erosion has carried away the larger portion of thrt 

Hp])er rocks, the mountains ajid pinnacles being merely rem 

ants of them. 
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The ocean may have aided in the removal when the land 
ood at a lower level, partly submerged; but it could not 
ive cat out the gorge or canon; for the work of the ocean 
^ mar off headlands, form sand-flats or beaclies along 
md fill up bays, not to cut channels into a coa.st 
dieep valleys. The ocean has done but little valley- 
and only that of the broadest kind, when its wide 
swept over the submerged continent. The gorging of 
and plains it has left to the running waters of th(^ 
if\ These running waters have been aided in f?onic cases 

r-ice (page 58). 
-1IUI0JI made by the upheaval of mountains. — The wide 

I J" 

Mniwiijijii valley is a depression between the Rocky Moun- 
iis ■ oil the west and the Appalachians on the east. The 
Idng of these mountains was the making of the valley. 
e Connecticut and Hudson Rivers occupy depressions that 
re probably made by uplifts either side of them. The Adi- 
idacks are among the oldest of mountains. Long after 
jse the Green Mountains were made; and when raised, the 
[ley in which lies Lake Champlain was a region left low at 
5 time. Again, the valley of the Sacramento originated in 
5 making of the Sierra Nevada on one side, and, later, the 
ast ranges on the other. The other continents afford simi- 
• examples. 

8. Valleys made by fractures of the earth's crust — 1. A 
eat fissure in a volcanic mountain opened for the ejection 



so 
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of lavas has sometimes been left, after the eruption ceased, 
a deep valley. 2. Great regions have subsided in conseque 
of subterranean movements) leaving valley-like depressic 
:\. Profound fractures liave taken place in connection 
inountaiu-niaking, leaving sometimes open rents, as nai 
valleys or gorges. 

But, notwithstanding the frequency of fractures, there an 
few valleys over the earth that can be pointed to as made iii 
this wav. Fractures have sometimes determined the counes Jl l*< 

ft. 

of streams ; but the stream, thus guided in its original course, 
has afterward carried forward its work of erosion, and 
the groat valley in which it flows. 



_ iii 



xt 



^•a 



III. — Making of Hills and Mountains, and 

attendant effects. 



There are three 2)rominent methods of mountain-making, 
producing widely different results. 

I. Mountains nnade by Igneous Ejections. 

Mountains have been made by igneous ejections, especially 
by those of volcanic vents, as explained on page 64. Thou- 
sands of square miles over the western slope of the Eocky 
Mountains have been covered by igneous rocks, and in Oregon 
they have a thickness of more than 4,000 feet; and, besides, 
they form cones there, whose summits are 10,000 to 14,440 



i\ *. 
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b above the sea. The loftiest peak of the Andes, nearly 
,000 feet high, as already stated, and numerous others in that 
Lin, were made by volcanic action. Mount Etna, in Sicily, is 
trly 11,000 feet high; two volcanic mountains of Hawaii 
t nearly 14,000 feet high, and another is about 10,000. 
This is the least important of the methods by which mouu- 
ns have been formed. 

2. Mountains and Hills produced by the Erosion of 

Elevated Lands. 

In all mountain regions the lofty summits and ridges have 
en shaped out mainly, as already explained, by running water, 
id such heights are therefore examples of the results of cro- 
on on elevated lands. But the mountain-making is a little 
lOre completely tlie work of erosion when a region of hori- 
)ntal rocks, which when first raised was a lofty plateau, has 
odergone long erosion. Owing to the height, perhaps several 
lousand feet, the torrents which the rains make and feed have 
steep descent, and therefore great eroding power; and ulti- 
ately such a plateau has often been reduced to a region 
profound valleys and precipitous ridges. The elevations 
scribed on page 78, as the remnants of a great rock-forma- 
n, are examples of mountain sculpture of this kind. These 
nains are battlemented heights, temples of mountain-dimen- 
ns, towers, and columns. Tlie elevations have often a broad 

3 of harder rock at top, and if of much breadth they are 

4* -» 
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Ivalled meaas, from tlin Spanish meaa, a table. The Catol 

|«re H group of in'gh summits 3,000 to 4,000 feet above I 
ii-Iev(?l, rarved by running water out of an elevated r 

J»f nearly liori/fintnl rocks. Such examples are very cod 
r the world. For in the changes of level which the euA 

pcrust. Iisa luidergouc areas have often been lifted without n 
disturbance of the beds. 
Examples of monume 
fonns on a small scale 
cur in Colorado, and 1 
ETiven the name of Mom 
ment Park to the region 
Fig. m is a sketch of 
scene in it, from Havdec 
Beport for 1S73 8i 
effects of ero ion may h 
been produced mainly 
runs and runinug water 
but thej ire in part t 
to the winds to the qt 
and moisture to the all 




Jffork chemical in inture of n 



jate henting and coding tf the lurfice in consetjuence of ti 

iilv (hanges of t^rapprature iiid in fr ity regions or whe 

9ie winters arc cold to tl freezing f moisture a\er t 

rUrface. 

Over undisturbed regions of Tertiary and Quaternary f<rf 
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itions erosion has often reduced the once level surface to a 
llection of hills. In some parts of the eastern sl()i)e and 
irmiit of the Eocky Mountain region the Tertiary is worn 
to a labyrinth of valleys and variously shaped ridges, needles, 
d table-like elevations. 

This mountain-making by erosion is an external sculpturing 
the earth^s surface, and not true mountain-making, — the 
)ject considered under the third head. 

Mountains nnade by Upturnlngs and Flexures of Rocks, 
and Bendings of the Earth's Crust. 

Mountain ranges have been made, for the most part, through 

idings of the earth^s crust, and the upturning and flexures 

the rocks. 

* TTptomed rocks. — The layers of stratified rocks were, with 

ill exceptions, originally horizontal, this being the position 

ch layers of sediment usually have when forming. They 
now very commonly more or less upturned. Sometimes the 

le of inclination is small; but in most mountain regions 
beds are inclined at high angles, and often are vertical or 

rly so. In the study of the inclined positions of strata the 

logist studies the origin of mountains. 

.Tie inclination of the beds below a horizontal plane is called 
dip; and the horizontal direction at right angles to the 
is the strike. When the roof of a house slopes in oppo- 
directions from a horizontal ridge-pole, the angle of slope 
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or pitch of the roof corresponds to the dip ; and the 
4)f the ridge-pole, to tlie tlrtke. 

Some of ihe positions of upturned rocks are shown in tb 
following figures. Fig. (U represents a ledge of roclj 




jeeling above the ground; 4 p is the direction of the iff), 
fliid * I that of the ulrike. Pig, 65 represents a portion of 
the coiil-fnnnntion with slumps of trees rising out of the coal- 
heds, nhicli hiive lost their vertical position because of the 
uptumijig of Ihe strain. 



FigB. aa-7D. 




2l FlexoreB. — Figs. 66 - 70 represent flexures or folds ot 
the strata, — such as are of common occurrence. The folds 
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8 moontain region are sometimes many miles in span^ and 
ten one arch rises beyond another. The Appalachians and 
ira Mountains are full of examples. The upward bend (at 
se in Figs. 66-69) is called an anticlinal , from the Greek 
gnifying inclined in opposite directions ; and the downward 
5nd (at a x) a synclinal y meaning inclined together, a Xy 
oi are the positions of the axes or axial planes of the folds, 
X an anticlinal axis and d x' a synclinal axis. In Figs. 
8, 69 the folds are pressed over beyond a vertical, so that 
16 axial plane makes a large angle with a vertical line. In 
ig. 70 three folds are raised together. 

Fig. 71. 




IV V vi V VI vi\r 

Baetloa firom tha Great North to the Little North Mountain, throuj^ Bore Springs. 

/ /, positions of thermal springy 

Pig. 71 represents an actual section six miles long, from a 
art of the Appalachians illustrating well the flexures. But 
' illustrates another fact: that, since the flexures were made, 
ie region has been worn by waters, either those of rivers or 
tie ocean, so that the tops of the flexures are worn off, and 
^here they once were there are now valleys; such a valley 
8 represented in Fig. 71, to the left of the middle above 
Q. The tops of such folds would have been broken deeply 
rtile the bending was in progress, and the breaks would have 
opened upward; and therefore these should be the parts most 
leeply eroded. The thin black layer over IV, on the left. 
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was once coiilitmous with IV, near the middle of the a 
and so with the rest. To the right end of the sectiuu| 
beds are vertical. 

Another view of upturned and eroded rocks as they o 
at a locality in Western Colorado i^ given in Fig, 78. 




strata in the foreground have the reverse dip of tJiose w.I'K 
distant, showing a twist connected with the upturning. 

Other examples of folding and of subsequent degradation, 1 
from the AUeghanies, are illustrated in Pigs. 73 - 78. b I 




each case the h.irder stnitmn in the series determines in n 

large degren the final form of tiie hill and the landscape effed 
of the {-ro.*ion. 

Fig. 79 represents a still more remarkable case of flexore 



AKD ATTENDANT EFFECTS. 



87 



uid subsequent erosion; the folded region lias been worn away 
« a nearly level surface, so that the existence of flexures is 
« be ascertained only in vertical sections of the rocks. E*;- 
pona of such folded rocks are geiieruUy very difficult to study, 
jccause of the extensive erosion. Ledges and ridges in which 
lie strata slope only in one direction are often one side or 
»rt of a great fold. 



3. Fractures and Faults. — lits des thMire-- gniit and small 
frm-tures ha\c been made during epochs oi upt iming or 
notmtam making Pig SO represents strata thus broken; and, 
iiorpover the beds ire displaced along the fractures The 
>ed niiEib r d 1 1 1 were i a sn L,le co tir u us layer; 




Tid 10 with the other but at the time ot fnttu tl e e w 

Irrpping of the mi Idle portion so that along 1 f ture 
bere is now a.Jiul/ or displit ment ilnQtiei: case * U». 



tTat«d ill Fig. 81. The fault in a vein desL'ribed • 
is another example. Tlie figures represc-nt iuidts or dii 
ments of only a few feet or jards ; but in many faidli 
duced in the making of a muge of mountains, the nx 
one side of a fracture have been pushed up, or have it 
down, thousands of feet. When fractures are very nm 
over a region, and of great ext^^nt and reguhirity, Hi 
called joints. 

4, Unconformable strata. — Rocks are often laid dowi 
zontaliv over upturned rocks; the layers of the two 
then confona to one another; as in Fig. 83, in whi 




rfjcks 1 and t nre iineon/ormnbk, while 2 and those ov 
2 are conformable. In the figure there is a faul/ repri 
to the left of the middle; and there are others fari 
the left, which are confined to the lower beds {1), and 
therefore, were made before the next stratum abovi- ( 



5. Earthquakes. — The upturning, flexing, and fractui 
rocks could not iiiive taken place on so grand, a scale i 
sudden shakings or jars of the rocky strata; and ever 
jar was an earthquake. A scratch of a pin on the en 
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U>g may be heard by placing the ear at the other end, be- 
Caoae the vibration made by the scratch travels along the log, 
Bmd with great rapidity. A jar in the earth^s crust or its 
ttKjks travels in the same way. It has often, in modem times, 
been felt through a hemisphere. Subterranean thunder has 
been a consequence of it ; and profound fractures of the earth's 
aurface, resulting sometimes in the destruction of cities and 
buman lives. Earthquakes occur whenever there is any yield- 
ing or slipping or fracture of the rocks beneath the earth's 
surface; and they are most likely to occur along the moun- 
tain border of a continent where have been the greatest up- 
turnings, and especially where there are volcanoes along such 
borders. 

& MetamorpMsm. — The upturning, fracturing, and flexing 
ittending mountain-making accounts for the heat required for 
metamorphisniy and for the very wide extent of most areas of 
netamorphic change; for regions of metamorphism are regions 
)f upturned rocks (page 72). f 

7. Cause of upliftings, fractures, and flexures, and of mountain- 
naldng. — If a quire of paper, lying on a table, be pressed 
iogether at the front and back edges, it will rise into a 
bid; and, in case the paper is a soft and inelastic kind, into 
I series of folds. Pushing from below will make it bulge up- 
ward, but only lateral pressure will make >^ succession of 
olds. The facts with regard to flexures in the rocks of moun- 
ain regions prove that the force which has made the great 
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series of folds, uplifts, and fractures has acted laterally ; tk 
is, it was lateral pressure within the earth's crust. 

Mountain ranges occur on all the continents, showing that 
the cause of uplift and flexure has been a universal one; and 
so lateral pressure within the earth^s crust is a force neces- 
sarily universal in its action. Mountain ranges are hundreds 
and even thousands of miles in length; and a cause thus 
universal is sufficient to have made all, whatever their length 
or height. 

This lateral pressure is attributed to the admitted fact 
that the earth was once melted throughout, and has gradually 
cooled over its surface ; and that the first crust formed 
has been thickening below from the continued cooling. In 
cooling from fusioA a rock contracts, losing on an average 
a twelfth of its bulk ; and hence continued cooling means 
continued contraction beneath the first-formed crust, and an 
effort to draw it downward. The crust would be necessa- 
rily put, under such circumstances, into a state of pressure 
of every part against every adjoining part, like the pressure 
between the stones of an arch ; and if any part gave way, oi 
the crust were flexible at all, there would be uplifts, flexures 
breaks, or faults. The flexures in the eartVs strata are, then 
the effects of this lateral pressure, and are some evidenct 
as to its extent and power. 

The great ranges of mountains are situated, for the mos 
part, on the borders of the oceans. Thus on the Atlanti 
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order there is the Appalachian chain, while on the Pacific 
itand the lofty Rocky Mountains. Again, in South America 
there are the Brazilian Mountains on the east, and the far 
greater chain of the Andes on the west. Other continents 
illustrate the same truth, — that the continents have high 
Orders and a low interior, and also that the highest border 
feces the larger ocean. 

Moreover, the volcanoes of the continents are, with few 
exceptions, near the ocean, and far the greater part of them 
are on the borders of the Pacific or larger ocean (page 67). 

These facts prove that the breaks and uplifts that were 
inade by lateral pressure in the earth^s crust were mostly 
confined to the borders of the oceans, and that they were 
most extensive on the sides of the largest ocean. 

A reason for this position of the great mountain chains 
near the oceans is found in the fact that the crust of the 
earth that lies beneath the ocean^s bed is lower in level than 
that of the land, and the basin-like depression has rather 
abrupt' sides toward the continents. Owing to this the action 
of the lateral pressure from the direction of the ocean was 
oiliquely upward against the land, and therefore just what was 
''^quired to push itp the borders of the continents into moun- 
tains, or to produce flexure after flexure in the yielding rocks, 
or to break them and give outflow to floods of lava. 

Mountain chains are the result of more than one moun- 
tain-making process. A single example will suffice to illus- 
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trate this truth. The range of elevated land from Labnk 
to Alabama is called the Appalachian chain. But the Afr 
rondacks, the Ilighhinds of New Jersey^ and portions of tb 
Blue Ridge of Pennsylvania and Virginia were made bug .] 
bi'fon^ the rest. The Green Mountains east of the Adiioft- 
(lacks were next raised; then, after another immense period 
of t ime had passed, at the close of the Carboniferous age, the 
Alhighaiiics from New York to Alabama, west of the line of 
tho Blue Ridge and Highlands, were completed. Thus tke 
Appalachian chain was a result of a succession of moimtain- 
malvini^ clForts, one producing one part, and the rest oth^. ' 
Tho process did not go on twice along just the same range 
of country, but to (me side of the preceding, either easier 
Avcst. Since the compl(»tion, the country lias been raised as a 
wliolc l)v a Identic bending upward of the earth^s crust,— 
tli(» lateral pressure in this case, after the mountains were 
made, and thcnr rocks folded and consolidated, and the crust 
thereby stitiiMied, producing a slight flexure of the crust and 
not any folding of strata. 

After tlie making of the AUeghanies there was mountain- 
making of a different kind more to the eastward in the 
course of the next age. Along the regions of the Bay of 
Fundy, the Connecticut Valley south of New Hampshire, and 
a long range of country from the Palisades on the Hudson 
through New Jersey and Pennsylvania into North Carolina 
(each region parallel to the part of the Appalachian chain west 
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: it), where several thousand feet of sandstone had been de- 
osited, there were made, finally, along with a small upturning 
A the strata, a vast number of great fractures of the earth's 
crust, the fractures deep enough to let out melted rock; and 
this rock, cooled, constitutes the Palisades on the Hudson, 
Mount Holyoke in Massachusetts, and various other trap 
ridges in the Connecticut Valley, Nova Scotia, and the more 
southern sandstone regions. Here the lateral pressure pro- 
duced little upturning, but much fracturing, with extensive 
igueous ejections ; and this exemplifies a second method of 
action in mountain-making, a method which was most com- 
mon in the later end of geological time, when the earth's 
crust had become too stiff to bend easily. After this epoch 
of disturbance there were no other general upturnings along 
the Atlantic border of the continent. Mountain-making was 
there ended long before it was on the Pacific or Rocky 
Mountain side, and long before it was in Europe. Neitlier 
these mountains nor the Alps, Pyrenees, or Himalayas were 
Wished before the close of the Tertiary ; and the grandest of 

• 

^eous ejections in the world belong to the same age, the 
*^t before Man. 

Another principle cormected with mountain-making remains 
'or consideration. It ^dll be best understood after some of 
the facts in geological history have been reviewed; the dis- 
cussion of it is therefore deferred to the pages treating of the 
formation of the Alleghany Mountains. (See pages 171, 208.) 



7. Making of continents and the oceanic depression.— Cod- 

traction from cooling also gives a reason for the existence of 
the great depressions occupied by the oceans ; for, on this 
view, they are the parts of the earth^s crust that have sunk 
most with the progressing contraction, — the parts, therefbn^ 
which were last stiffened, when the crust was in process of 
formation ; while the continents were the portion that con- 
tracted least, or which first became solid. 

8. Conclusion. — There is thus, in the single fact that the 
earth is, and ever has been, a cooUng globe, and therefore uni- 
versally a contracting globe, an explanation (1) of the gentle 
oscillations of level in the earth's surface that have been 
quietly going on through all past time ; (2) of the uptumings, 
flexures, fractures, faults, and upliftings of strata, and the bend- 
ings of the earth^s crust, which have resulted in the making of 
the great mountain chains of the globe ; (3) of the opening of 
fractures dowTi to the deep-seated regions of fire giving exit 
to floods of liquid rock and producing volcanoes ; (4) of the 
alteration of rocks, or their metamorphism, changing the rude 
sand-beds and mud-beds into crystalline rocks, and filling fis- 
sures with veins of ores and gems; (5) of earthquakes, the 
great earthquakes and the larger part of the smaller ones; and, 
finally, (6) an explanation of the origin of continents. 

It may be thought that by thus referring to secondary causes 
the making and crystallizing of rocks, the placing and raising 
of mountain chains, and even the defining of continents, we 
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ve little for the Deity to do. On the contrary, we leave all 
him. There is no secondary cause in action which is not 
his appointment and for his purpose, no power in the ma- 
ial universe but his will. Man's body is, for each of us, a 
)wth; but God's will and wisdom are manifested in all its 
relopment. The world has by gradual steps reached its pres- 
; perfected state, suited in every respect to man's needs and 
}piness, — as much so as his body; and it shows throughout 
same Divine purpose, guiding all things toward the one 
ef end, — Man's material and spiritual good. 



PART III. 

HISTORICAL GEOLOGT. 
Subjects and Subdivisions. 

Historical Geology treats of, — 

1. The succession in the formation of the rocks of the 
and in the conditions under which they were made. 

2. The progress in the continents, from their small begin; 
nings to their present magnitude. 

3. The changes of level ever going on, and the raising of 
mountains at long intervals in the course of the ages, the 
highest and longest in the last of those ages just before the 
era of Man. 

4. Tlie multiplication of rivers as the dry land extended, 
and thereby the excavation of valleys, the shaping of lofty 
ridges giving grandeur to the mountains, and the spreading of 
the lower lands \\dth soil and fertility. 

5. The changes in climate, from the universal warmth of 
the Archaean world to the existing variety of heat and cold. 

6. The succession in the species under the two kingdoms 
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of life — Plants and Animals — from the simpler fonns of 
early time to Man. 

The rocks are sometimes spoken of as the leaves of the 
geological record. But these rocks are in various lands, here 
some and there others; and how can they be brought into 
order so as to make a continuous history worthy of confi- 
dence? The case would have been hopeless were it not for one 
branch of this history, — that relating to the 2)rogress of life, 
There has been, as above intimated, a succession in the 
species of plants and animals that have lived upon the globe. 
The earliest kinds were followed by others, and these by still 
others, and so on, through age after age, before the final ap- 
pearance of Man. The plants and animals that lived in the 
successive periods left their relics — that is, stems or leaves, 
shells, corals, bones, and the like — in the mud or sand of 
the sea-bottom, sea-shore flats and beaches, and in other depos- 
its of the era; and these sand-beds and mud-beds are now 
the rocks of those periods. Hence in the rocks of one era 
we find difiFerent relics, or fossils, from those of the preceding 
or following era. Geologists have ascertained the kinds that 
belong to the successive rocks, or eras, of the world ; so that, 
if they come upon an unknown rock with fossils, in a coun- 
try not before studied, it is only necessary to compare the 
fossils found with the lists already made out. 

For a very long part of early time after life was abundant 
ihere were no fishes in the world. The discovery of a fossil 

5 ^ 
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fish in a bed of rock is, hence, evidence that the bed 
not belong to the formations of that early time, but to one 
of some later period. After the first appearance of fishes the 
kinds changed with the progress of time; so that if, in the 
case of our discovery, we can ascertain the tribe to which the 
fossil fish we have obtained belonged, we can then decide 
approximately the age of the rock which afforded it. No her- 
ring, cod, and salmon are known to have existed until near 
the last of the geological ages ; and if the species turned 
out to be related to these, we should conclude that the rock 
was among the later in geological history; and a determination 
of the species might lead to the precise epoch to which it 
pertained. Bones of beasts of prey, cattle, and horses are 
found only in rocks of the last two geological ages. 

Thus, owing to the succession of Ufe on the globe, the 
geologist is enabled to arrange the fossiliferous rocks in the 
order of their formation, — that is, the order of time. 

If a stratum in one region contains no fossils, or if its fossils 
have been obliterated by heat producing metamorphism, the 
stratum is traced by the geologist to another region, with the 
hope of there discovering fossils, or at least of finding them in 
an underlying or overlying stratum. In this and other ways 
doubts are gradually removed, and the true succession in. any 
region is made out. 

The history has thereby been divided into four grand sec- 
tions : — 
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1. AucHiEAN Time; that is, beginning time; the word Ar- 
thmn is from the Greek for beginning. 

II. Paleozoic Time, or the era of the ancient forms of 
lite; Paleozoic being from the Greek for ancient and life, 

m. Mesozoic Time, or the era of medicsval forms of life; 
Jlesozoic, from the Greek, signifying ?nidclle and l?/e. 

IV. Cenozoic Time, or the era of the more recent forms 
of life ; Cenozoic signifying recent and life. 

Paleozoic time, which was probably at least threefold 
longer than all later time, has been divided into three ages : 
(1) the Silurian, or Age of Invertebrates; (2) the De- 
vonian, or Age of Fishes; and (3) the Carboniferous, or 
Age of Goal Plants* Mesozoic time corresponds to the 
Age of Eeptiles. Cenozoic time is divided into two ages, 
called (1) the Tertiary, or Age op Mammals ; and (2) the 
Quaternary, or Age of Man. 

The kingdom of Animals has five great branches, or subdi- 
visions, called sub-hingdoms. These are, — 

L Protozoans: Microscopic species, with no internal organ 
beyond a stomach, and none external unless hair-like or thread- 
like appendages. The Ehizopods and Sponges, of which fig- 
ares are given on pages 33, 39, are here included. Sponges 
ire large, but only because each is an aggregate of a great 
number of the minute animals. Tlie word Protozoan, from 
the Greek, means first or simplest animal, 

2. Radiates : Anijnals having a radiated structure, that is. 
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linviiig tlie pirls iirranged nidiately amimd n centre, uHlli il 
mouth at. or near the centre ; as in poljps, tlie animals n! 
corals, which tonk very much like flowers on account of tin 
radial*' nrrangement. Each one of the exi»anded poljps w 
this fiinire of a living coral (Fig. 83} shows well the raditii' 
chamcler. The Crinoids, represented on page 31, are otlur 
examples of Radiate nnimals. 

a MollBsks: as the Oyster, Clam. Snail, iirid Cutf le-fi^li . 
liaving a soft, fleshy, bng-lilte body, with sometimes \ 
ternal shell for its protection, or an internal bone e 
give a degree of firmness to the fleshy body. 

4 ArticulateB : as the Fly, Butterfly, Beetle, and other in- 
sects, the Spiders and Centipedes, the Lobster, Crab, and othef J 
Crustaceans, and the Worms*. wnro-oV* \»xvl\^ 'Cwj.' 
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if segments or parts joiuted together, and having the legs 

ielers jointed. A. lobster shows well the jointing of the 

md of all ita limbs. Articulate means jointed. The 

Shrimp, Crab, and some other related animals are 

d Cmataceana because thej have a eru»t-likc exterior 

^times ealled the shell. 

^brtebiates: ns Fishes i Frogs, Lizards, Snakes, Croco- 
^■Jurtles, and other Reptiles ; Birds ; the Dog, Cat, 



) 




Re. Ox, Whale, and other Mammals ; animals having in- 
^y, along the back, a series of bones malting together 
iehral column. In Fig. 84, representing one of the 
■Beptiles of ancient time, the vertebral column is seen 
: from the head into the tail. "Each separate bone 
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of tlie column is called (from the Latin) a vertebra. The 
great nerve of the body, called the spinal cord, Ues concealed 
in a tubular bone-sheathed cavity along the upper side of the 
column ; and below the column there are the ribs and the ; 
cavity for the stomach and other viscera. The Mammals are ; 
tliose Vertebrates that suckle their young, as the word, from ; 
the Latin, implies. They are the highest of Vertebrates, and 
include Man as well as the other animals above mentioned. 

Protozoans, Radiates, Mollusks, and Articulates are often 
together called Invertebrates, that is, not Vertebrates, 

In the table above (page 99), the expressions Age of In- 
vertebrates, Age of Fishes, Age of Reptiles, Age of Ma?nmak, 
arc not to be understood as implying that the several groups 
of animals mentioned were confined to the age named after 
them, but only that they were the highest, and therefore the 
characteristic, species of the age. 

Fishes began before the Silurian Age was quite completed, 
and continued thence through geological time ; but until the 
close of the Devonian, or nearly so, they were the highest of 
living species. 

In the Silurian, until near its close, there were only Inver- 
tebrates. 

In the Age of Reptiles, the class of Reptiles, which began 

in the preceding age, had larger, more numerous, and higher 

species than before or afterward; the Age was eminently the 

Age of Reptiles, the type \\a\\iv^ Teac\\^^ \\s. Ts^scil^ssssisa. ^^ssss. 

^Aat isj having culminated. 
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Mammals of a low order, called Marsupials, existed in the 
Age of Eeptilesj but in the Age of Mammals the Reptiles 
-were comparatively few, and true Mammals were the highest 
cr dominant race. 

Again, the Age of Coal-plants was not the only age in 
iFhich coal-plants lived and coal was made; bat that which 
'Was most remarkable for the making of coal-beds, and espe- 
cially for coal-making plants of the tribe of Acrogens, the 
lighest of Cryptogams or Flowerless plants, such as Ferns, 
Ground-Pines or Lycopods, and Horse-tails or Equiseta, which 
then grew to the size of tall shrubbery and forest-trees. In 
later ages also coal-beds were made, but of less extent, and 
mainly out of other kinds of plants. The Carboniferous age 
is often called the Age of Acrogens. 

Thus the Ages are named after the tribes of each, that were 
highest in grade, or those that were most characteristic. 

During an age changes of level, or catastrophes of some 
other kind, have at intervals produced extensive exterminations 
3f species over a continental sea, and also abrupt changes in 
ihe kinds of rock-deposits in progress, if not also uptumings 
)f strata. Each age in the geological history of any continent 
las consequently its natural subdivisions, which are called pe- 
riods. 

The following table gives a general view of the successive 
iges, with some of the subdivisions that kave befexi ^4s>r^^^ 
he £rst in time being at the bottom. ' 
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rs. PemiM. 

g. CirbonlltnraB J 3. Orhonifemoi. 

Ll. SubcarlwDifnnnu. 

4, CiMM. 

5. FoTtageuidniginnD 



CarlioDirerou. 



{a. Lower Bd 
1 Ki.e«r.J 



The accompanying map (Tig. 85} shows the positions 
the rocka of the successive ages over part of North Amer 

ISO far as they arc oppii to view. The markings indicat 
the age of the rocks of the several areas are explained on 
map. The black areas are the great coal aress of the co 
nent, Tlie portions left in white are those the age of wfc 
ia not ascertained. 
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I.— Archeean Time. 



The first condition of the eurlii about which geology give? 
any hint is thai uf it liquid globe, lite the suu. llie eirtli 
has the form of a sphere flatteoed at the pules, and as the 
amount of flattening is closely that which such a liijuid globii 
would take as a consequence of its revolution, this fad is 
thought tu be evidence of an origmal liquid state. Otltw 
evidence is found in the crystalline character of the oldest 
rocks; in the fact tliat many spheres in space, like the Bon, 
are still in a liquid state; and in the condition of ihe moou, 
which is like such a globe cooled until its surface Is bH 
craters and scoria. 

Admitting tliat the earth has cooled from fusion, we m 
warrantfid iii concluding that, whenever the vapors begau tu 
settle over the solidified but still hot crust, there to make 
oceans, the rocks exposed to the heated and iicid waters wouH 
have been everywhere eroded by the chemical action of tties' 
waters, and by this means they would have been covered after 
a while with new rocks. And over those regions where then' 



I 



were emerged 


or submerged rock 


within reach of the v 


raves, 


the work of 


the waves in mak 


ing gravel, sand, and 


Dinil 


would have been added to that of the chemical action. 




By such means the original rn 


■k of the cooled crust 


TOUid 


have become 


nearly or entirely 


concealed by new deposits) 
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and it is questioned whether any part of it is now exposed 
^ view. The rocks made out of that crust — not those of 
the original crust itseK — are therefore the Archaean rocks 
of geology. 

I. Distribution. 

The Archaean rocks of North America cover a large sur- 
face over the northern portion of tlie continent, and also some 
narrow areas elsewhere along the courses of existing moun- 
tains. In the accompanying map (Fig. 86) the white areas 
are the regions of exposed Archaean rocks. The largest ex- 
tends from Lake Superior northwest to the Arctic seas and 
northeast to Labrador. It has the shape of the letter V, and 
Hudson^s Bay is included within the arms of the V. A 
peninsula from it extends down into Northern New York, 
including there the region of the Adirondacks. Other Ar- 
chaean ranges are the Highlands of New Jersey, portions of 
the Blue Ridge of Pennsylvania, Virginia, and the region 
farther southwest (and including the Black Hills of North 
Carolina) ; small areas in New England, and one or more on 
the Atlantic border south of New York; a large area soutli 
of Lake Superior ; and the crest range of the Rocky Moun- 
tain region, including the Wind-River Mountains and the 
eastern range in Colorado. 

The arms of the great V, or original nucleus of the conti- 
nent, are parallel respectively to the Atlantic and Pacific coast 
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lines ; the other narrower areas follow the courses of the g 

muuntaiu chuiiis, und are parallel to the same lines. Geolo^ 
thus affords a demonstration that even in Archwan time tl 
great outlines of tlie continent were defined, and that all U 
ture progress was carried forward by working on the pbin 1 



Flu- 96. 
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thus early laid down. The rest of tlie continent 
water (and perhaps also some of the ri%es just referred to), 
but it probably lay at no great depth. 
Archwan areas exist also in. Sfiai\&;\vi!v\\»,,"?)(}ftR,TOS3i,,^ 



to). 
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iiid some other regions. The facts prove that in Archaean 
ime the ocean and continents were, in tlie main, already 
ttthned. "The waters'^ of the world had been "gathered 
ito one place/^ and " the dry land '' liad " appeared.^ 



)> 



2. Rocks. 

The Archaean rocks comprise gneiss and granite, syenyte, 
renytic gneiss, and other hornblende rocks, with chloritic 
Kjks, quartzyte, limestone, and other kinds. 

They include immense beds of iron ore, some of them 100 
) 200 feet in thickness, vastly exceeding any in later times; 
>r the Archaean was the iron age in the earth^s history, 
hese beds of ore occur in Northern New York, Southern 
ew York and Northern New Jersey, Canada, the Marquette 
jgion south of Lake Superior, in Missouri, where there are 
hat are called iron mountains, and in many other places, 
he beds of ore {i. Fig. 87) alternate witli 

Fig. 87. 

3ds of quartzyte and crystalline schists 
r slates, and lie between beds of gneiss 
id homblendic gneiss, or other rocks of 
le era, as illustrated in the annexed cut Bed. of iron ore (o. 

^ ConntF, New York. 

jpresenting a section in Essex County, 
ew York. Hornblende contains much iron, and this is the 
lason why it is so common a constituent of Archaean rocks. 
The rocks were originally sedimentary deposit*-, fe^ ^fce. 
leiss, quartzjrtej and schists are, as e^^\«iftfc^ ow ^%^ ^^^ 
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allered or metamorphic seilimentarv rocks They were o 

ally deposits of gravel, sand, and mud made bT the 
The fetratifacation in the gneiss and other rocks la the o 
stratification of the fragmental bed* 

Like other sedimentary deposits the roclis were laid down j 
honzontal beds But they are now upturned at all angles,! 
often folded fhowmg thtrtb^ that, subsequent to their depos^ 
tiou the\ underweut the great disturbances that attend i 
tain makmg Tig bS shows the general condition of the rocl 




r 



in the Arcbffian regions of Canada. The ArchBeaii mountains, 
including tlie Adirondacks, the New Jersey Highlands, the mom- 
tains uf Jiicandinuvia, and others, were then made, if not in part 
earlii;r. The original height of these mountains may liave been 
many thousands of feet greater than it is now, for all the earth '? 
agencies of destruction have been engaged in the work of levtl- 
ling tliem, ever since that first of the geological ages. 

Many Archtean rocks much resemble the crystalline rocks uf 
later time, and as both are without fossils, they may be easilj 
confounded. 

Tlie occurrence of beds of iron ore scores of feet thick 
one meaas of distingoialiiiig areas oi ^i.Tc;si»iu.v\ ^■^e,. "n^vw, 
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^ftea contains some titanium, and this is not common in iron 
^:»es of later date. Coarse syenitic rocks and labradorite rocks 
are characteristic of many Archaean regions, if not exclusively 
Archaean. 

Sure evidence of Archaean age is obtained when fossiliferous 
Tdis of the lowest Silurian are observed overlying unconform- 
ibly upturned crystalline rocks, as in Fig. 89. Here the nearly 

Fig. 89. 




BaetlMi fhMB Mmth rid* of tlM 81 Lawrenos, Caamda, b«twe«n CMcade Point and St. Lovli Saplda. 

X, Gneiss ; 2, Potsdam sandstone. 

orizontal Silurian beds referred to, No. 2 and those above, 
ere laid down after the beds below were made, and also 
Fter their upturning; and consequently the evidence that the 
itter belong to anterior time is unquestionable. 

3. Life. 

The earlier part of Archaean time was necessarily without 
fe; for until the rocks and seas had cooled down to the 
mperature of boiling water, life was hardly possible. Plants 
■ the lowest orders can bear a higher temperature than the 
west of animals, and were probably the first living species. 

Although the evidence is not conclusive that either plants 
• animals were living in the Archaean seas, — since if fe%"s\\a 
ce were present in the rocks, they \ia\e >o^tv ^M^\K«5vfc^^s^ 
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^H the crystallization of the beds, — the existence then of the sim- 
^M plest kinds is thought to be highly probable. Some of the 
^M beds contain great quantities of graphite, the material of wbich 
^H lead-pencils are made. Now (1) graphite is nothing hut car- 
^B bou (page 9], the essential principle of mineral coal, and [£) 
^1 mineral coal was formed from plants; moreover (3) minenil 
^M coal has been found in crystalline rocka converted iuto graphite, 
^1 Here, then, is evidence favoring the probable existence of 
^1 plants; and if of any, of fjca-weeds, since the Lower Sihiriin 
^1 has afforded relics of no plants but Sea-weeds. Along ¥ith 
^r true Sea-weeds there were probably Diatoms, as these imnutt 
species are the simplest of water-plants. 

The occurrence of limestone strata is also thought to fovor 

I the idea of the presence of plants or animals, since the lime- 
stones of the world are almost all of organic origin. Masses 
somewhat coral-like in texture have been described as fossil', 
under the name of Eozoon (from the Greek for dawin-life), and 
refened to the group of Rhizopods, described on page 32. Bui 
there is doubt as to their being trae fossils, some regardiiis 
them as of mineral origin. Rhizopods are the simplest of "H 
^1 animal life, and the kind most likely to have been associated 
^B with Diatoms over the sea-bottom. 

^1 Whenever the earliest plant, however minute, was created, 

^H a new principle — that of life — was introdaced, which shoiilJ 
^^ subordinate physical forces to its uses. Progress io a sjsleiu 
^V of life became thereafter tVe s\i\i\e<A ai da\^ \i*R.Te^ 
^^^ar/if''8 history. 
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II. — Paleozoic Time. 



1 Age, I 



Age of Invertebrates. 

iu Wak^s where the 



The term Silurian tumea I'rom a regit 
■ocks occur, and which was formerly occupied by a tribe of 
incient Britous called the Bilures. The age is divided iuto 
ilie era of the Lower Silurian and that of tlie Upjier Siluriau. 

Fig. M. 




The map of the Archreau dry hmd, \\v\v, v!}^^!&<ii^ %\\ww». \ 
; eye the part of the iVort.li Americsm tontTOeut wfti -f^' 




the following Siliiriiiti l)ei\a mig\iV "\\a.'JB \««a % 
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he beds are all tnarine, and must have been made in the part 
Mjveied with water, — the shaded part in the map. The cir- 
cumstances were in the main similar on the other continents. 
In Europe (Great Britain included) the Archsean dry land lay 
mostly to the northwest, and the larger part of the rest of the 
continent was receiving marine deposits. 

The areas in North America, east of the Rocky Mountain 
legion, and over which Silurian rocks are exposed to view, 
are those which are lined horizontally in the map on page 105. 
The Silurian regions in England are distinguished in the same 
way on the accompanying map (Fig 91) ; they are confined to 
Vestem England and Wales. 

1. Louver Silurian. 
1. Books. 

The rocks of the Lower Silurian era are mainly sandstones, 
shales^ conglomerates, and limestones. 

The same is true for all succeeding eras in geological his- 
tory; for sand-beds (the source of sandstones), mud-beds (the 
source of shales and argillaceous sandstones), and limestones 
We been always in progress from this time onward in some 
part of each continental region. Moreover, sand-beds have 
never been forming in any region without the making of mud- 
beds in the waters not far distant, just as now happens along 
sea-shore regions ; for the grinding which produces the fotmet 
produces also the latter. Nevertheless, tYve CiOTi\ia\Rxv\sS^ «^«2>» 
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over which sand-beds, mud-beds, and limestones were acco- 
mulating have varied greatly through the successive periods, 

■ 

owing to variations in level and other causes ; and at timfis 
the larger part of the continental sea has been given up to -1 
limestone-making. ' 

The following is the succession of Lower Silurian rocb in 
North America. 

1. In the early part of the era, called the Primoriki 
(meaning the first in order), sand-beds — now called the Pots- 
dam sandstone, from a locality in Northern New York — were 
spread out over wide areas in North America, and especially 
about the shores of the Archaean dry land ; but shales and lime- 
stones were foiming in some places more or less remote from 
these shores. 

These earliest Silurian sandstones and shales have the layers 
sometimes marked with ripples, or with mud-cracks, or with 
the tracks of the animals of the era ; and they thus show that 
they were not made in deep water, but, instead, that they were 
either the sea-beaches or the off-shore sand-flats or mud-deposits 
of the era ; and that part of the time they were above the water's 
level, exposed to the drying air or sun, for only thus can mud- 
cracks be made. 

2. As the era advanced, limestone strata (magnesian hme- 
stones, mainly) of great extent were formed over the region of 
the Mississippi Valley, or the Interior region of the continent, 
while sandstones and sViales ^\\k W\. \vXHXa \as\Rji\wafc ^^ix& ^cr 
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comulating in the area — then a shallow sea — now occupied 
by the Appalachian Mountains. 

S. Next a limestone — the Trenton limestone — was in pro- 
gress over both the Appalachian region from the Green Moun- 
tains to Alabama and the Interior region^ and also far west and 
north, — the most extensive limestone formation in the world's 
history. The limestone was named from Trenton Falls, on West 
Canada Creek, near Utica, New. York, where the gorge is cut 
through it. It includes the Galena or lead-bearing limestone* 
of Illinois and Wisconsin. 

4. Finally, limestone-making was again confined almost 
wholly to the Interior region, and the Appalachian area, in- 
cluding New York and the Green Mountains on the north, 
was receiving fragmental deposits for sandstones, shales, and 
conglomerates. 

In Great Britain there are, first, slates and sandstones of great 
thickness in the Longmynd and Wales, overlaid by the " Linguhi 
flags '* (the equivalent of the Potsdam sandstone) ; above these, 
other slates and fiags (laminated sandstones), with some layers 
of limestone, including the Llandeilo flags, the Bala beds, and 
the Lower Llandovery in South Wales, — all making one con- 
formable series. 

8. Life. 

The seas abounded in life, but no trace of anything terres- 
ifial has yet been found. 
The plants found are all sea-weeds. Oive ol \)[Vfc «^^\cMew5^ 
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is represented in Fig. 92. Some thin de[)OBite of coal a 
in one of the formatioas, which are supposed to liHve o 
from buried spo-weeds, or else from auimal material. 
The aiiimaU are all Ineerlebrates; in other words, 
of a Vert<?brate, not even of the lowest of Fishes, has yet h 
discovered among the animal relics. But all the four b 
kingdoms of Invertebrates are represented, — the ProtozM 
the lUdiate, the Molluscan, and the Articulate-. 




Frot^Koans. — Among Protozoans there were Rhizopodi' aii^ 
Sponges. One of the Sponges is represented half the nMiir. 
siae in Fig. 93 a, and a transverse section of it, natural s\t 
in Fig. 93 h. The irregnlar cellular structure, with the nbwnn 
of radiating plates, is evidence that it is not a coral. 

Badiates. — The Radiates include Corals, Crinoids, and Star- 
fishes. Fig. 94 is a side-view of one of the conical mirals ni 
the Trentou limestone ; the top is a cup, radiated with plnlwr 
somewhat like Fit:. 15, page "i^. "^Ven VVmij,, ■Ctoe '\«^«:i5B. 
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ml liLid no doubt its beautiful colors, like those of modem 
', and its aspect may be quiti' well represenKid bj Fig. 1 fl, 




Hmt coral, honeycomb-like iu its columnar structure, is 
Kuted in Fig. 95. Tlie ceils are radiated, as shown in 
95 ; but in a vertical section (as seen in such a section of 
if the cells in Pig. 95 a) the cells are crossed by horizon- 
)arlitions. The coral has been found in masses several 
in diameter. 

gs, 96 - 99 represent some of the Crinoids and Star-fishes. 
97 shows one of the Crinoids of the Trenton limestone, 
^h not quite a perfect one, as the arms are broken off at 
ips, and the stem below (by which it was attached to the 
of the sea-bottom, and which may have been three or four 
■s long) is mostly wanting. The name Crinoid means lilff- 
but the petals or rays of the flower-like animal consist 
aall pieces of limestone (the secretion of the auimal) fitting 
together. Fig. 96 shows the form oi mvqW:^ Y\si\ -A 
-one of very irregular shape-, its steixi nnVctv \xs^m^ 
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Holliuks. — Tlie Mollusks were of various kinds, all t)if 
principal grand divisions of the class having been represp.iiled 
by species. Far the most abundant n'ere what are called Brach'- 
opoth, a group that has comparatively few kinds 
in modern seas. One of the earliest Brachiopol' 
from tiie Potsdam sandstone had a shell not larger 
than a finger-nail ; a large specimen of it is rep- 
"^^ resented in Fig. 100, It is called a Linrjnla (or 
Iiinffuldla), from the Latin lingua, a tonffui; in allusion to 
the tongue-like shape of some species, A related species i» 
found in flie Lingnhi fia^n Q^ GTca't "fttv^Mft. ^V-iXi Xvi-sa, 
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t was fixed to the sea-bottom by a fleshy stem proceeding 
lownward from the pointed end or beak of tlie shell, and 
p&ssing into the mud or sand; and as the shells are often in 
peat numbers together, they must have grown ihit-kly over 
Ihe sandy or muddy surface. 

Other common Brachiopods from the Trenton Imiestone are 
represented in Figs. IQl to 104. 




The shells have two valve=! like those of a clam or oyster; 
hut they are unlike common Bi^ahes in their symmetrical 
form ; a line let fall from the beak divides 
tliem into equal halves, whereas in i Clam, 
as shown in Pig. 105, such t line divides 
I lie shell very uiie(j;ually. Moreover, the 
mouth in a Erachiopod ia at the middle 
of the shell, whereas in common Bivalves it is toward one 
end {near a, in Fig. 105) ; and further, one valve is the 
upper and the other the loicer, while in a Clam, and related 
kinds, one ia the riffkt nnd the othev V\ve If/I. 'Vavis *n& 
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aninuil in this ancient group called Bracliiopods has 
tion in its shell just transverse to that of a Clara. Tbe 
i^ also [leculiar in having two spiral fringed arms, and 
this the name, from tlie Greek for ana-j 
alludes. Fig. 106 shows these arms iof 
modem species ; one of the pair is rolled 
spirally in its ordinary position, while 
other is thrown oat. The animal 
gills or branchise. The Trenton lime.i1 
was made largely of the shells of Bracliio- 
pods, Crinoids and Corals having eonfributtd 
little toward it. 

Tlie Clam itnd Oyster and other ordinary Bivalves have a 
thin fold of the skin lying like a mantle over the half 
agahist the shell ; then, inside of the mantle and either sidi^ 
of the body, thin leaf-like gills or branchia; ; and then tiie 
body with no arm-like appendages. In allusion to the to 
lamellar branchiae, they are called LamellihTanchi. Tliere were 
some Lamellibranchs in the Lower Silurian, but they were 
few compared with the Bracliiopods. Pig. 107 represents ohk 
of them, related to the Mussel of modem sea-shores. 

There were also some spiral shells, two of them of tin 
forms shown in Figs. 108, 109. They belong to the tribi- 
of Gmieropods, so called because the animal crawls on it» 
ventral surface. The ordinary spiral marine shells, and alw 
the common snail, are ot tXna ^Tftic. "Vivft ■swsS^ tolW; 
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I Nautilus, 



<8a crawling thus with its shell over its back ; and the 
narine species wheu liviug, if put into a jar of salt water, 
till 3oon he found ia 

FigB. 107 -1«. 

lotioa over the glass. 
There were also many 
pecies of the highest di- 
ision of Molluaka, — 
lose related to the Nau- 
lus, aud called CephaU 
toiU, because the animal 
is the head furnished fj,;, x«j. avumi. Trcnm 
ith stout arms for cliug- 
ig; from the Greek lor lieail \n\<}i J'tcl . 

tthe aniuiul in its shell, is represented in Fig. 110. The 
p, jjjj shell has transverse partitions, or 

...^tflMBm^^t-^ is c/iambered, and in this differs 

from the shell of the Snail and 
all Gasteropods. The animal oc- 
cupies the la^ oater chamber, 
and is peculiar in having laige 

i^XJ'^-i ,.Jn-^*^/ eyes [ike a fish, and a series 
Miten cmbBiaFod. of stotit amis around tlie mouth 

N^Dtaixsii. provided with suckers for cling- 

ig, A. different kind of Cephalopod, from modem seas, is 
ipresented in Pig. Ill, — a kind having no external shell, 
W^tead s thin infernal bone (Tig. \\\ ji^ , "o-i-V '^'^^ 
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[ large eyes and a series of arms aronnd the moatb, t 
the Nautilus. In the Lower Silurian em there were i 
cies of Xautilus but quite different ones from those of ktrf 




time. But the earliest Silurian species of Ceplialopoda : 
the largest had straight shells, like that of a Nautilus straight-* 
ened out, — whence the name Orthoceraa, meaning a t/rai^lii 
Itorn. One of them, from the Trenton limestone, is representftl 
in Fig. 112; it has partitions like the shell of the Nautilus. 

Fir. Hi. 



In both the Nautilus and the Ortlioceras a tube (called the 
sipAvncle, meaning Itl/le gipkon) passes from the ontcr cham- 
ber through the partitions and all the cliambers ; and the 
bole in one of the partitiuna is aVo-wn \\\ Y^%. WL a. 
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>f the shells of species of Orthoceras from the Trenton lime- 
tone are as large round as a flour-barrel^ and must have been 
rom twelve to fifteen feet long. 

Another kind of MoUusk, of quite minute size, makes cor- 
ils. The animals look like polyps externally^ as shown in 
^'ig. 113, which represents them enlarged, projecting out of 
heir cells. Fig. 114 is 

Figs. 118, 114. 

t view of one of the deli- „ma\\!//^ tt^ 

late Lower Silurian cor- Ci 127 ililllU 4-: 








tls, and the dots show ..., _^_„.,, . -« ^ 

he positions of the little r^f"""^ — ^M i A^ Wjlj::} 







1*1 *<„ 



Jells of the animal. The 

'peCieS are Cailed nryO- p.^ ^^^ Eschara. showing animals extended out of their cells 

( X 8) ; 113 «, one of the animals removed from its cell more en- 

'OanSj meanmg moss -ant- larged ; 114, Ptllodlctya fenestrata. a Lower Silurian speci«s, 

natural size ; X14 a, portion of surface of same enlarged. 

nals, the name alluding 

o the corals, which are sometimes moss-like in delicacy and 
orm. Although so small, these corals are a prominent con- 
tituent of some of the Silurian limestones. 

Articulates. — The Lower Silurian Articulates that have been 
aade out are either Worms or Crustaceans ; no Insects or Spi- 
lers having been present, since these are terrestrial species, 
lie most remarkable of the Crustaceans, and the highest spe- 
ies of the world at the commencement of Lower Silurian time, 
nd later in this era second only to the Orthocerata, were the 
"rilobit^s, — so named because the bodv has t/iree lodes or 
ivisions longitudinally, as shown in Tigs. \\^ Vo W\ . ^"t^s. 
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of the very earliest species is represented in Fig. 115; it < 
a giguttic specieSj the Egure being ouly one third the min 
length. It haa some resembknce to a lobster, and yet is i) 
different. The position of the large eyes is apparent on j 



FigB. iia-118. 




head shield. Two other species, from the Trenton, are I8 
sented m Figs. 116, 117. The lattpr is .shown folded ^ 
Fig. 118, a common condition of the specimens. The S 
of three modem species ol Ctuslaceaws V^nto?, Wl^Sl& -w 

I 
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blance to the ancient Trilobites are shown in Figs. 119 to 122. 
Figs. 121, 122 are female and male of the same species. But 
the Trilobites differed from 

Figs. 119-122. ,„ ,„ 

all these in having had no „g V^ ^^9^^ 



lao 
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true legs. They are supposed /^^ 

to have had only thin fleshy ^^ 

plates, for swimming. \fT 
The earliest life of the 

Lower Sllunan was , made ^^^ „^ ^ species of SeroHs ix^)-. lao. species of Porcel- 
, , n r^ • • t ^° • "^' ***• ^*™*'e *"<i male of Sapphirina iris. 

Up largely oi Lrmoids, 

Brachiopods, Worms, and Trilobites. It was almost all sta- 
tionary life; that is, the most of the species were attached to 
the sea-bottom by stems. Such were all the Crinoids and 
Brachiopods. Trilobites swam free; but, having only swim- 
ming legs, they probably often attached themselves to the rocks, 
like the shells called Limpets. Afterward there were Mussel- 
like shells and corals, which were also attached species, — Mus- 
sels living attached to rocks by a byssus or horny threads. 
Besides these there were the locomotive species, Gasteropods 
and Orthocerata; the latter may have given much activity to 
the seas, for Cephalopods are not snail-like in pace, like all 
Gasteropods, but fleet movers, like fishes. Yet these ancient 
species, with their long unwieldy shells, must have been slow 
compared with the Cephalopods of later time. 

The life of the Lower Silurian changed much in species dur- 
ing its progress. The era has been d\\*\AfcdL YoXa ^OMSft& ^ts^^n 
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no auimals of the earlier part of the first of these periods- 
the Primordial — existed in the second, and none of tl 
earlier part of the second existed in tiie third. Muteofl 
species were disappearing aiid others appearing through ea 
of the successive periods. 

3. HDimtaiii-iiiaUiig. 

The close of the Lower Silurian was a time of uptumii 
and momitain-making in North America, Grait Britain, a 
Eurojx!. The Green Mountains, from Canada to southern Cm 
necticut, and perhaps otlier heights to the southwest, w 
then made. The rocks — which include a great limestone fti 
mation (the upper part of which is referred to the Treota 
and also various fragmental rocks overlying the limestone- 
were folded and crystallized by the heat produced by the i 
turbaoce added to that from the earth's depths, and were thw 
ged at the tune to metamorphic rocks : the fossilifemu? 
limestone, to white and clouded crystalline or architectural miir- 
He, — of which Canaan in Connecticut, Lee in Massacliusetls, 
and Rutland in "Vermont afford noted examples ; the quartzose 
sand-beds, to quartzyte; the mud-beds, to gneiss, mica schist, 
and other crystalline rocks. 

In Great Britain the Lower Silurian formations, which are 
throughout conformable, are upturned so as to lie unconfonn- 
ably beneath the beds of the next era, — the Upper Silurian. 
J&e elevation of the 'WeatmoTe\a\\4 \\Sft.=.,Ql ■C^fc -^ 
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forth Wales, and of the range of Southern Scotland from St. 
^bVs Head, on the east coast, to the Mull of Galloway, has 
)eeii referred to this era. 

The maximum tliickness of the Lower Silurian rocks of 
Britain has been stated to be over 40,000 feet. In the Green 
Mountain region it was probably not less than 20,000 feet; in 
Pennsylvania, about 11,000 feet; in Illinois, about 800; in 
lllissouri, nearly 2,200 feet. 

2. Upper Silurian Era. 
1. Books. 

The rocks of the Upper Silurian also are sandstones, con- 
lomerates, shales, and limestones. 

1. There was first in progress, during what has been called 
le Niagara period, the formation which includes the Niagara 
oaestone, — which, like the Trenton limestone, was one of the 
reat limestone formations of ancient time. In Western New 
ork and to the southwest along the Appalachian region — 
ill a part of the continental sea — the earlier beds forming 
ere a series of sandstone strata (the Medina sandstone), some- 
hat pebbly below and argillaceous above; then other argil- 
ceous sandstones, and in them a bed of red iron ore, with a 
iiile limestone in the upper part; then the Niagara shale and 
mestone, the strata at Niagara Falls, where the upper 80 feet 
•e limestone and the lower 80 feet shale. To the west q€ 

ew York J the JViagara shale foTmat\oTi \s ol \i\J3»L^ ^-"j^is^-* 

6* ^ 
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I while the limestone spreads very widely, rencliiiig iulo loTa 
I and Tennessee. 

The layers of the Medina sandstone often have ripple-marks, 
mud-cracks, wave-marks, and other evidences of mud-flat or 
Band-flat origin, showing that Central and Western New Yorl, 
■with the region to the southwest, was then an area of great 
eand-Bats over an interior sea; but later this interior sea whs 
e open and clearer; so that there, was less sediment, aiid 
the life required for making limestones flourished. 

In Great Britain the Wenlock shale and limestone are nf 
the age of the Niagara shale and hmestone. They are iu 
view between Aymestry and Ludlow, near Dudley, and fh- 
where. The limestone, like the Niagara, is full of fossils. 

2. Afterward the Salina fonnation, noted for its salt. 
made. Its clayey rocks and salt show that Central New York, 
■ the borders of Canada to the west, and part of Michigan we»i 
then the site of a great salt basin, where sea-water evapoi 
impregnating the mud of the shallow sea with salt, or roal 
deposits of rock-salt. The brines of Salina and that vicii 
in New York are salt-water wells, obtained by boring d( 

I to this saliferous rock ; and at Goderich in Canada there 
a bed of rock-salt 14. to 40 feet thick. Other salt-bcai 
rocks were made at the same time in "Virginia. 
3. Next followed another limestone formation of less extent 
tliaii the Niagara, called the ioKer Helderherg, from the Hel- 
derberg Mountains sout^iwest o^ hA'tosm-j, -wVt-^e W t 
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nds southwestward along the Appalachians; also through 
s of the Mississippi Valley where it rests directly on the 
gara limestone. It also occurs at some points in the Con- 
icut Valley. A sandstone — the Oriskany sandstone — 
rlies it in Central New York and along the Appalachian 
on, and in some places to the west, from Ohio to Missouri, 
'ollowing the Wenlock group in Great Britain there is 
Ludlow group, consisting of sandstones, shales, and the 
aestry limestone, corresponding in age with the later part 
he American Upper Silurian. 

2. Life. 

. Plants. — As in the Lower Silurian, sea- weeds were abun- 
t; but before the close of the era there were also terrestrial 
its. The species were not Mosses of the lower division of 
ptogams, or flowerless plants, and not Grasses, but species of 
Ground-Pine tribe, or Lycopods, — a section of the highest 
ptogams. They are described beyond, in the account of the 
^onian plants. It cannot be affirmed that there were no 
hens or Fungi over the Silurian rocky lands, or those of 
ier time; for such terrestrial species, if existing, would not 
e become fossilized, since the rocks are mainly of marine or 
sh origin. But that there were no Mosses may be safely 
rred from the absence of all fossil Mosses from the rocks 
he following Devonian and Carboniferous ages. 
, hxAmtdu. — The animals included s^^des ol ^ ^^ sgrax^ 
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divisions existing in tlie Lower Silurian, ProtozoanSj Railiutes, 
MoUusks, and Articulates, with tlie same great prepomleraima 
of Bracliiopods among Mollusks, and Trilobites among Ardcu- 
lafes. lu a<iditiou, before the close of the era, (here wen 
Pishes in the seas, the earliest of Vertebrates. No remiiiiis of 
terrestrial auimal life have jet been found. 

A few figures of the Invertebrates are here given. IHgi 
123, 124 represeat two of the corals of the Niagara perioJ; 




{ 



Kg, 133 related to the coral of llie Lower Silurian, figaifd 
on page 119; Fig. 124, a coral imbedded in limestone, whicli 
looks, iu a section of the limestone, a little like a chain, or :i 
string of links, and has hence been called Chain-coral, Flj! 
185 shows the form of one of the Niagara Orinoids. 

Some of the more common Brachiopods of the Niagan 
group are reprcsentM in ^i^ts. Vi6-\i%. 
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Ilowing are figarei of tivo of thu lai^cr Trilobites. 
k fiijures are reduced views. Fig, 129 being but one third 
natural length, and Eig 130 one fourth. 




ifi HomatonimudelpliiTWcephaliii^x Vt' 

"he fishes were related to the modem Sharlcs and Gars, 
cnptions of the kinds are giien under the Devonian, the 
unena of Devonian rocks bpiug more perfect and afford- 
better jllustrafjons of the "subject. 
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3. Observations on the Silurian Age. 

§ 

1. Tlie distribution of the emerged lands of North Am 
at the close of Archsean time led us to the conclusion 
108) that the continent was then already defined in area 
its plan of future progress made manifest. The facts m 
ing tlie Silurian rocks sustain this view, and show hoi 
work of completing the continent went on through the 
rian era. It has already been explained, by reference t 
map of tlie Archaean dry 'land, on the same page, that 
making, and therefore progress, was confined to the subn 
part of the continent. The map shows the position ( 
coast-line along which the waves broke when the Siluria 
began, making tlie sea-beach deposits and sand-flats tha 
form part of the Potsdam sandstone. The Appalachian 
must have been one of the areas of great sand-flats or 
for its eastern side was the course of a range of Ar 
mountains; and the Rocky Mountain region, for the 
reason, was probably another of the shallower portions ( 
continent. The Lower Silurian continental sea had its 
est depth over the intermediate Interior region, of whic 
present Gulf of Mexico was then the southern part. Thf 
ferences are sustained by the whole course of the historj 

2. With the progress of the Silurian the dry land ( 
north received a gradual extension southward, southeast 
and 50MiJiwcstward. This was t\ve ^at^qXaqvl q?1 ^<5r«'^. * 
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aes of the successive periods were more and more remote 
t>m the old Archaean sea-shore, for the limits of the suc- 
issive formations are farther and farther south; so that, at 
le close of the age, the coast-line in the region of the mod- 
m State of New York probably lay a little to the south of 
he present Mohawk valley, and, extending westward from 
Niagara over Western Canada, it bent nortliward around Lake 
Huron; thence it turned southward so as to cross Northern 
Illinois before taking its course to the far north parallel with 
tile west side of the Archaean nucleus. These conclusions are 
deduced from the limits of the Silurian formations, shown 
on the map on page 105. 

3. At the close of the Lower Silurian the Green Mountains 
were made by an upturning and crystallization of the rocks. 
A. new area of dry land was thus formed between the seas of 
New York and New England, and the valley of Lake Cham- 
)lain was a consequence of the uplifting. There was also an 
ipward bending of the earth^s crust, but without upturning, 
iver an area from Lake Erie across the Cincinnati region 
Tennessee, making another spot of dry land. The Green 
fountains were raised parallel to the neighboring Archaean 
idirondacks ; the Cincinnati uplift was parallel nearly to the 
Lrchaean Blue Ridge. Thus progress was strictly after the 
Ian laid down in Archaean time. 

Southern and Western New York, and the re^ou q? i\v<^ 
n^hanjr Mountains, remained wit\\m t\ve \\tkv\s» o\ "Cksfc ^^^- 
ental sea through the Silurian age. 
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i. The rocks of the Interior region of the continent [ 
the great Mississippi valley} were mainlj Umettonea from 
beginning of the Siluriun tu its close ; while those of 
Appalachian region were mainly tandiloites, conglmneraki, 
»hale». The Trenton limestone spread over both; bat 
general, there were fragmental deposits forming over the A] 
palaciiian region at the same time that there were limestoi* 
deposits in progress to the west of it. Tiie Trenton lii 
stone is an exception j but before the Trenton period cli 
the Interior region was alone in limestone-making, tlie Apj 
lachian having become again, as the rocks show, an 
mud-flats and saiid- flats. 

These facts prove that the Appalachian region was a gresl 
reef region through the era, and that over the interior of tbf 
continent there was at the same time a clear and wide sea, oM 
seldom swept by sediment-bearing currents. Tlie limestoiiia 
were made of shells, erinoids, and corals mostly grouod up: 
and their freedom in general from much impurity shows tlwl 
the marine life had there the pure waters in which it btst 
thrives. 

Several of the sandstones and shales contain ripple-marks, 
mud-cracks, or fooi-prints, proving that they were made, nnl 
in a deep sea, but in shallow waters, and that the deposits 
■were sometimes exposed above the water's surface. 

6. Over 10,000 species of fossils were described from Lower 
«w/ Upper Silurian locVa up to tVc ^«« VK^'i. "?W6 ^"ysJa 
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continued to change through the Upper Silurian era as well 
as the Lower Silurian ; that is, the species of the early part 
lad nearly all disappeared and new species had become sub- 
stituted before the later part of the era began; and each of 
the successive subdivisions in the rocks indicates some old fea- 
ture lost during its progress or in the transition, and some 
new feature gained. 4/^" ^ 

2. Devonian Age, or Age of Fishes. 

The term Devonian was first applied to the rocks of the 
age in Great Britain by Sedgwick and Murchison, and al- 
ludes to the region of South Devon, where the rocks occur 
and abound in fossils. 

Through the age the land had its plants and insects, and 
the seas their numerous fishes, besides species of all the lower 
orders of life. The regions of Devonian rocks are those ver- 
tically lined on the North American map, page 105, and the 
map of England, page 114. 

. 1. Rocks. 

The Lower Devonian rocks of North America overlie con- 
formably the Upper Silurian, making a continuous series with 
them. 

The age commenced with the era of the Comiferous lime- 
stone. This was the great limestone of the Devonian, just as 
the 'Niagara was of the Upper Silurian, auA. V!ft& ^ec^\3L \xs!afc- 
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stone of the Lower Silurian. It spreads through New Yoik 
from the Hclderbeig Mountains south of Albany, wliofe it hi 
been called the Vpper Heldrrlerg limestone; and stretelB 
westward to the Mississippi, and beyond it into Iowa a 
Missouri. In New York and along the AppaliiuUiiiu refiwti 
it ia underlaid by a sandstone or grit rock. 

Tlie limestone ia in some places a eoral-rKef rock, as plaiiil| 
80 as any coral-reef limestone in modern tropical seas. Na 
Louisville, Kentucky, at the Falls of the Ohio, it eoiisista i 
an aggregation of corals, many of lai^e size, and so 
standing iu tlie position of growth. The limestone rock ofta 
contains a kind of flint called homstone; and, as the ] 
for hoTii is cornu, the limestone was ntuned the Comifanoi 



The. Devonian deposits following this limestone — call«l 
often the Upper Devonian — are mostly saodstones and shale?, 
named the Hamilton, Portage, and Chemmig beds, from locali- 
ties in New York ; and above these, at the top, there is an 
extensive conglomerate and sandstone called the Cat«ki]l groii|i. 
These fragmenlal formations are confined mainly to Southern 
New York and to the Appalachian region to the southwest. 

In parts of the Interior region there were limestones form- 
ing when the Hamilton sandstones and shales were in pro- 
gress j but subsequent to these limestones the Devonian rorV 
ibnned in the Interior region is mainly a ahale of lirtli 
thickness. 
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The flagging-stone so much used in New York and the 
Ijoining States is an argillaceous sandstone from the Hamil- 
Dn beds at Kingston and other places on the Hudson River. 

In Great Britain the Devonian formation includes a great 
hickness of red sandstone in Scotland, Wales, and England, 
which was formerly distinguished as tlie " Old Red Sandstone/^ 
In South Devon there are limestone and shales in place of 
red sandstone, and hence a greater abundance of fossils. In 
the Eifel, Germany, the Eifel limestone is a Devonian coral- 
reef rock of the age of the Corniferous. Devonian sandstones 
cover a large area in Russia. 

2. Life. 

1. Plants. — The plants included, besides sea- weeds, various 
errestrial kinds; and among them, in the middle and later 
)evonian, large forest-trees. 

These early species, as stated on page 131, were mostly of 
he higher Cryptogams. 

7. FernSt some of them Tree-ferns. A portion of one of 
be Ferns is shown in Fig. 131, and part of the stem of a 
'ree-fem in Fig. 13ii. 

2. Equiseta, — The modem Equiseta, or Horse-tails (the lat- 
;r term a translation of the former) have striated jointed 
:ems, which may be pulled or broken apart easily at the 
rticulafions. The ancient species had a similar character. 

, pordon ot one of these rush-\i\e "D^novEvkcl ^^^as^% Ss* 




represertfd in Fig, 133. One of the .rtieul.tion. of the slm 
i> shorn ,t « t. In dlnsion to itB teedjike ehsniclei il 
clleil a aiamite,. from the L.tin „la„„, a ,M. n. 
plant rep„,„ted in Pig. 131 i, ,„pp„rf bj «„„c to M..g 
to the Ecinisflum tribe ; the word J,krofi,UUe, m™n. ,4,,-fc,/. 

ngg. IS8, 134. 
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3. iycopods.^Tlie earliest laud plimts, and those moat char- 
■ttristii! ol' the world iu auuieut time, were the Ljcopods. 
]e little trailing Grouiid-Pinea of our modem woods, ao 
uch used for decorating churches at Chriatmas-time, are 
amples of G roimd- Pines ; the close resemblance to miniature 
ue-trees ia the origin of this name. The earliest of the au- 
nt Lycopods were of small size, but some of those of the 
iddle Devoniim were targe forest-tn*es. Fig. I;i5 represeuts 



Figs. tXS - tSI. 




part of the exterior of one of the Devonian Lycopods. 
i plants are called Zi-pidotfei/ifnth (from tlie Greek for 
(e and (fee), in allnsion to n leserablimce between the scarred 
face aud the sca]\ e\tenor of a rephle Ihe scnrs are the 
es of the faUeu leavei, and resemble tlie same on a dried 
nch from a spiuce-trec In the tme Lepnlodondrids the 
! in alfermte <mhr, as ilWstrateA to "tX-^. \^'i 



\^ 
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another proup, called SiffillariHn, the scars are in vertical series, 

us ill Fiy;. lae. 

4. Phemgams. or Flowering Plailts. — Among the Flowering 
plauta there were trees allied to tlie Yew, Spruce, and Pine, , 
kinds having the simplest of flowers, and the seed naked in- 
stead of in pods. In allusion to the latter character lliej m 
called GffinnospeTms, meaning having naked seeds. ITie floveis 
and fruit are usually in cone-like groups, and in allusion 1" 
the cones a large part of the species are Conifen. Yig. 131 
is probalily a leaf af one of the Conifers. 

2. Animtila. — Protozoans, Badiatcs, MoUusks, and ArtiLO- 
lates were represented by numerous species, as in the Siluriu) 
age; and among these Brachiopods were the prevailing M"!- 
luska. Corals the moat abundant Sadiatcs, and Trilobites tlic 
most common of Articulates. Three of the Corals of liie 
coral-reef limestone (Comiferons limestone) from tlie Falb of 
the Ohio, near Louisville, are represented in Figs. 188 -UO. 
Fig, 138 represents a specimen of one of the lar^ simple 
Corals, broken at both extremities. The radiating platPs are 
seen at top. The top, when perfect, had a depression nijed 
with such plates, and to this the name of this ancient group 
of Corals, Ci/a//iopifflloids, alludes, it coming from the Greek 
for CHp and fen/. Some specimens of the species are nettiU 
three inches in diameter at top and a foot long ; and, when 
living, the polyp or flower-animal when expanded was as large 
as a smsJi-sized sunlowet, a.ivi ^io\«i»Vj ^ \itffiia»S, yd. cnkl., 
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^. 139 shows the surface of a massive coral whose polyps 
rered the surface like those of Fig. 14, ou page 29. The 
lerkiuil, Fig. 140, is one of the most comiuon; tlie structure 

^ Flit.. I3S-1U. 




cmumaar, suggesting that of a honeycomb, and lience its 
ne, FiivosUes, from the Ijatin favait, a honeycomb. 
Besides marine species there were also Lisects among ter- 
trial Articulates. Pig. 141 represents a wing of one of 
! May-flies of the Devonian world ; a gigantic species much 
■ceding any now inown. It measuTei iwt mOftssSn. -s^-^^^ 
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of wings. The May-flies or EpUemerte are species thai U?« 

in the water during the young or larval state, and w\\m m- 

ture % in clouds over inmsl 

places. One of the Devoniin 

kinds could make the shnQ' 

sound of a locust. L^ 

In addition to Invertfibrates 

there were Fishes ami 

tebrates. The remains of tlw, 

Fishes are the head, teeth, lai^ spines that formed the 

I margin of tiie fins, and also the whole body with its scales; 

' but never the back-bone (vertebral column), as this wsa 

tilaginous and not bony, and hence decayed on burial. 

The species included are (1) Sharks; (2) Gara or Ganoiit 
and (3) intenuediate kinds called Placoderou. 

1. Sharks. — The remains of the sharks are either the teeth, 
the shagreen, or hard, rough- pointed covering of the bodj, 

Fiff. 148. 



and the lai^e spines with which the front margin of the 
are sometimes armed. Fig. It2 represents one of the 
spines of a shark of the Comiferous period, two thirds 
fuJJ length. The shark was one o^ ^ea*!, svih, aa, 
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tJie spine indicates. Some of the sharks had rather bluiit 
;ting t£etb; but the most common kind, related to tlie liv- 
; CeiiTocion of Australian seas, had a pavement of bony 
€es over the inner surface of the lower jaw, making the 
inth a formidable grinding apparatus, fit for cracking 
achiopods and the like. 

2. Oars or Ganoids. — The Gar-pikes of the Mississippi and 
I Great Lakes, now a rare kind of Fish in the world, are 
amples of the tjpe of Fishes that was exceedingly abundant 

species in the Devonian Age. The scales of Gars are bony 
d shining, unlike those of ordinary modem Fishes, and to 
is, Agassiz's name. Ganoid (from the Greek for shiainff), 
fers. In many species the scales are set side by side witli 
special arrangement for interlocking at one margin after the 
shion of the tiles on a roof; while in others they are put 
I mote like shingles, or in the way common in ordinary 
ibes. Figs. 143, 144 represent two 
nds of tile-like scales; and 145, the 
ider surface of two of the latter, I 
lowing how they are secured to t 
rather. Figs. 146, 147 represent two I 
lecimens of the Ganoid fishes of the 
evonian. The tail in Fig. 146 has a 
snliarity that belonged to all of the ancient fishes; that is, 
e vertebral column extends to its extremity. In Meso- 
lic and Cenozoic species and modetn Gasa ^ft -^eA^T^ 





Golnmn stops at the coinuieuecmeiit of tlie tail-fiu, 
Pig. US. 

Some of the Ganoids of the Middle Devonian whose 
mains have been futmd in Indiana nm\ Oiiio were of great 

FiB>. 148, 148. 




One of them hiid jaws a foot to a fu«t aivd a half long, 
teetb in the lower jaw (Fig. A A:?i"^ t-sti \w\\e.?, qt \wa«,' 
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A Devonian fish between a Ganoid and Sliark is repre- 
nted in Fig. 150. 



1 




^nacodenii& — Still stranger forms are those ciUed PV 
rferww. The body of Eig. 151 is cncised m bom pieces 




^pbat of a Turtle, and the length of the sijipcies, whose 
niBins occur in Rassia and Scotland, \s s\v\i^oai;\ Vii Va^^ 
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of wings. The Maj-flies or EphemerjE are species thai I 
in the water during the jounir or larval state, and when n 
ture fly in clouds over ffloi< 
places. One of the Devoni^ 
kinds could make the 
sound of a locust. 

In addition to Invertebiatq 
there were Fislies among 1 
tebrates. The remains of t 
Fishes are the head, teeth, large spines that formed the froj 
mai^ of the fins, and also the whole body with ita s 
but never the back-hone (vertebral column), as this was a 
tilaginons and not bony, and hence decayed on burial, 

ITie species included are (1) Sharks j (2) Gars or Ganoidt; 
and (3) intennediate kinds called Piacodertas. 

1. Sharks. — The remains of the sharks are either the t*et.h, 
the shagreen, or hard, rougli-pointed covering of the body, 





and the large spines with which the front mai^ of the i 

are sometimes armed. Pig. 142 represents one of the i 

spines of a shark of the Comiferous period, two thirds t 

/ length. The shark va& one oi ^«;^ &\ue., ^ '^ \ 



CARBONIFEROUS AGE. 149 

i not without wide, though small, changes of level, varying 
5 limits and depth of the Interior sea; such changes of 
el and of limits being indicated by the varying limits of 
5 rocks, all of which are of marine origin. This quiet was 
k interrupted between the Devonian and Carboniferous eras, 
far as yet discovered, except to the northeast in the region 

New Brunswick, Nova Scotia, and Northeastern Maine, 
ere an upturning and flexing of the beds occurred, and, 
a result, some mountain-making. 

The southward extension or growth of the dry land of the 
itinent continued; and, by the close of the Devonian, the 
ore-line probably crossed the southern portion of what is 
w the State of New York, — where is the southern limit 

the outcropping Devonian, so that all of Canada except the 
ittthwest extension north of Lake Erie, nearly all of New 
ork, and much the larger part of New England, were above 
le sea-level, together with Wisconsin and the borders of the 
[joining States. There was probably also an island, trending 
)rth-northeast, over the Cincinnati region (page 135), and an- 
her about an Archaean area in Missouri. See map, page 105. 

3. Carboniferous Age, or Age of Coal-Plants. 

The Carboniferous age was the time when the most exten- 
i^e coal-beds of Europe and America were formed. Tlie 
me Carboniferous is from the Latin carbon^ coaL 
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of vrings. The May-flies or Ephemera are species that I 
ill tiiu water during the young or larval state, and wlieu 
j^_ m_ ture fly in clouds over mei 

places. Oie of the Devoni 
kinds could make the s 
sound of a. locust. j 

lu addition to Invertebi 
there were Fishes among ? 
tebrates. The remains of 
Fishes are the hejid, teeth, large spines that formed the &0| 
margin of the tins, and also the whole body with its sc^ 
but never the back-bone (vertebral column), as this was c 
tikginous and not bony, and hence decayed on burial. 

The species included are (1) Sharks; (2) Gara or Gand 
and (;i) int«nnediat<! kinds called Placoderiits. 

1. Sharks. — The remains of the sharks are either the to 
the shagreen, or hard, rough-pointed covering of the boi 



and the large spines with which the. front margin of the 
are sometimes armed. Fig, 143 represents one of the fl 
spines of a shark of the Comiferous period, two thirds fl 
fall length. The shark was one (il gTesA s\iif,, «» 'e^!&^s!»s| 
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vCrinoids consists, looking like button-moulds, are common 

i in the limestones, (See page 34.) Some of them are 

I inch in diameter. Fig. 155 represents another kind of 

Mid, which was without arms, culled a PenfremUen, from 

! Greek for Jive, the form of the stem being ai>proxiin(itcl_v 

fflded. 




! were also Corals; and a top view of the most com- 
' these is represented in Fig. 156. Brachiopods also 
fcufed largely to the rock, aa to all earlier limestones : 
I of two of them, are given in Figs. 157, 158. 

r the Sub carboniferous period — a period of submer- 
- began the true Coal period, or that of the Coal-meas- 
i the aeries of coal-beds and rocks cmita-inmc; tte\& \% 
racks are mostly sandstonfts, s\\a.\e^, raxi t.^fl\^«tt\. 
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erates; but in the Interior region of North Ann 
are some mt«rveiiiug limestone strata. The rock a 
of the coal-measun'fl is generally a conglomerate 
•ilUlone-gHt. 

Flsi- lEl, IKS. 




The Coal-be.(U contain only terrestrial or fresh-wa 
and nearly all are plants; while the strata that sep: 
have sometimes marine or brackish water fossils. 

'llie areas of the coal-measures are the black an 
maps of North America and England, pages 105, 1 

In North America there is one area, the Aeadu 
northeast in Nova Scotia and New Brunswick; a 
very small extent in Rhode Island; a third, the 
reaching from near the southern boundary of New 
part of Pennsylvania, Ohio, Kentucky, and Tennessi 
bama ; a fourth, in Central Michigan ; a f,/^h, the £ 
terior, covering parts of Illinois, Indiana, and West '. 
n sir/A, the Jfestrrn Interior, onct ■^a.'rta is^ "Va-N'i. 
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Kansas, Arkansas, and Texas. The last two were originally 
united in one, the Mississippi valley now separating them. 
It has been estimated that the area of the workable coal-beds 
of the United States is at least l!^0,000 square miles. The 
coal area of Nova Scotia and New Brunswick is 18,000 square 
miles. 

The principal coal areas of England are those of South 
Waks; the great Lancashire region east of Liverpool (B, on 
llie' Jnap, p. 114) and Manchester (C) ; the Derbyshire coal 
r^on fiarther east; and on the northeastern coast, the New- 
castle coal-field (D). There are also coal-fields in Scotland 
between thie Grampian range on the north and the Lammer- 
muirs on the south ; and others, of Ulster, Connaught, Leinster 
(Kilkenny), and Munster, in Ireland. The areas of England 
and Scotland are supposed to have been originally one great 
coal-field. There are valuable coal-fields of smaller extent in 
Belgium, Prance, and Spain, and still smaller in Germany and 
Southern Russia. 

The greatest thickness of the coal-measures in Pennsylvania 
Js 4,000 feet; in Illinois, 1,200 feet; in Nova Scotia, about 
15,000 feet. In Great Britian it is 7,000 to 12,000 feet in 
South Wales, and contains a hundred beds of coal ; 7,000 
feet in Lancashire, with forty beds of coal; 2,000 feet at 
N"ewcastle. The aggregate thickness of the coal-beds of a 
"^gion is not over one fiftieth of that of the coal-me3.^\5L\^^^. 
The coal-beds vary in thickness from less l\vaa. «a m^ ^^ 
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30 or 40 fee*. The "mammoth vein" of the anthracite 
giou ill Pemisjlvauia is 29 feet thick at Wilkesbarre ; 
there are some layers of shale in the course of it, — a tai 
fact m all coal-beds. Some coal-beds contain too mucli 
matter to be of auj value. 

The mineral coal is of difl'ereiit kinds. That of Ci 
Pennsjivania and of Rhode Island is aaikracife, while 
of the rest of the comitry is almost wholly biiiiminovt 
Anthracite is a firm lustrous coal, burning with but 
flame, while the diluminous coal, aa that from Pittahni] 
the States west, is less firm and usually of less lustw 
bums witli much yellow tiame. The flame is due 
the fact that part of the carbon is combined with hydn^ 
with hydrogen and oxygen) into a compound that, wh 
is applied, becomes a combustible gas or mineral oil. 
minous coal when heated affords more or less of mil 
(the material from which terosene is obtained), alth«( 
contains none ; the oil or gas is produced 6t/ ihe heat \ 
some carbonaceous material present. Some bitumi 
— especially those compact coals, scarcely shining, call* 
nel coal — afford 50 per cent or more of volatile 
while anthracite yields very little, and this is mostly the 
of water. 

Coals always contain some impurity which is the *• 
and "clinkers" of a coal-fire. This ashes or earth) 
rial was Jurgely deriveA ^iftw ^-Ve ■^Vn'^?' ftveroflAsea, 
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best coals wholly so; but in other cases it is jmrt of the 
•itus that was from time to time washed over the beds 
iregetable debris when they were forming. The coal-beds 
ays contain a little sulphur, — enough to give a sulphur 
11 to the gases from the burning coal; and the most of it 
les from the presence of joyrite, a compound of iron and 
)hur. 

^he layer of rock under a coal-bed is often a clayey layer, 
lalled the underclay, — and it is frequently full of the 
er-water stems or roots of plants. The trunks sometimes 
ect from the top of a bed of coal, as shown in Fig. 65, 
e 84. Many logs or great trmiks lie in the strata that 
rvene between the coal-beds, which were once floating logs; 
multitudes of ferns and flattened stems or trunks of these 
other plants are often spread out in the shales, and espe- 
y in the bed of rock directly over a coal-bed. Moreover, 
coal itself, even the hardest anthracite, has sometimes im- 
sions of plants in it, and, more than this, contains through- 
its mass vegetable fibres in a coaly state which the 
roscope can detect. 

oal was made from plants, and each coal-bed was origi- 
Y a bed of vegetable material like the peat-beds of the 
ent time in mode of accumulation. (See, on this point, 
3 40.) The plant-bed having accumulated until several 
;s thicker than the coal-bed to be made out of it, was 
Ijr covered with beds of clay oi saxvi-, %»Sl ^^jftS^a *^i«as. 
d it gradaally changed to coal. 



I 

I 

i 
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Pliiuls wheji dried are ouc liaK iiaihon, — the chief matoisl JL 
of charcoal, — the rest being moat!}' the two 
hydi'ogen ; after the change, eight tenths to niue tentiis ot 
uiorc of the whole are carhoo. 

iS. The coal-measures are followed in Europe by 
iif red saadatones and clayey rocts or marlytes, with 
nesian limestone, constituting the Ferinlan group, — s 
from the district of Perm, in Russia. In North Aiuerica ihf 
Pemiiaii roclis include the sandstoues and shales at the top 
of tbe coal-measures in Kansas, 

2. Life. 
L Plants. — The plants were similar in general character to 
their predecessors in the Devonian age, though mostly dif- 
ferent in species and partly in genera. Of the higher Crvp 
togams- — called Acrogeiis {or upward growers, as the wonl 
from the Greek signifies), because they can grow into trftes — 
there were (1) Fe^rm, (2) Equueia, (3) Li/mpoih ; and of 
tlie Phenogams, or flowering trees, there were Conifers, or plains 
of the Pine-tribe. The trees and shrubs grew luxurianllv 
over tlie almost endless marshes of the continent, and spread 
also beyond them over the higher lands. 

The features of the vegetation and of the ordinary land- 
scape is shown in the following ideal sketch. Tiie tree nt 
the centre is a Tree-fern, and there are smaller Ferns below. 
Tile free near the left side la a. 'V.-jcu'jiiii sA &b. 
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[luileudrids ; and iu the righi curiier liiere are a 
eudrids and tliu truuk of it Sji-'ilbiria. In the 
;hert' are £quisi:ta. Tlie region is reprenuted j 




arshy plain with lakes. The lakes of the Caibon- 
iia probably had their many floating islands of vege- 
oTyiiig hviie gi'ovcs like t\\e 6oa\AV\^ \^'i.\As lA '*^s' 
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it ill diameter, — very unlike the little Horse-taib 
time. 

upuds of the tribe of Lepidodeiidrids had the as- 
ues and Spruces, and were 40 to 80 feet or more 
On some, the slender piue-like leaves were a foot 
ung. Figs. 163, 164 show the scars of the outer 



Fi|p>.lM-l« 




'^m 


wi 


m 


1 


m 


8 



(i^^ 

% 


r^ 







two of the Lepidodendrids arranged, as usual, in 
rder; and Fig. 165 those of a Sigillaria in vertical 
e resemblance of the scars in the latter to an im- 
' a seal suggested the name Sigillaria, from the 
'.la, seal. 

les of the Le{)idodendrids and Conifera and the 
' hitter also occur in t\ie beds. Two ol 'Oossfc "koS* 
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n'prescntcd m Figs. 166, 1G7. Tlicv ure supposed lo I 
ive belougL'il lo trees related to the motleni yew-tree. 

Nearly 500 sfjecies of Carin)ni!-| 
era us plan Is have been dtsenliedj 
from North America, and aboi 
the same niimber from Europe jl 
and of these more than one thiril 
were common to Europe oci] 
America. 

There are. also coal-regions i 
the Arctic islands which have a£-J 
forded some of the same species i 
plants that were growing in ] 
rope and America, showing great aniformity in the clin 
of the era; a fact sustained also by the occurrence i 
Arctic deposits of many fossil shells and corals identical yf'A' 
,some then living in the seas of Europe and America. -^ 

2. AnimalH. — ^The seas of the Carboniferons age abouniH 

in Crinoids and Corals among Hadiates, and Brachiopods far 

t exceeded in number all other kinds of Mollusks; but in the 

group of Articulates, while there were many kinds of "Wottt 

I and Crustaceans, Trilobites were few. Trilobites had 

replaced by other Crustaceans, some of which were much 1 

I the modem Shrimp. Examples of the Crinoids, Corals, 

Brachiopods of the earlier part of the age are figured .1 

jmffes 151, 15i. 
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Tishes were in great numbers and of large size, and they 
belonged to the two grand divisions that were especially char- 
acteristic of the Devonian, — the Sharks (called also Sela- 
chians, from the Greek for cartilage, the Sharks being fishes 
with a cartilaginous skeleton) and the Ganoids. One of the 
Ganoids of the coal-measures is represented in Fig. 169. It 

Fi?8. 169, 170. 




^^^^^^^/^^'V^- 



Flshei. 



^taxAA ! Fig. 169, Eurylepis tuberculatus, from the coal-formation in Ohio. — Selachian : Fig. 170, tooth of 

Carcharopsis Wolrtheni ; a, profile of section of same. 

has the vertebrated tail characteristic of all Paleozoic fishes. 
Fig. 170 shows the form and size of the teeth of one of the 
sharks of the Illinois region. 

The land had its Insects, true Spiders, Scorpions, and Cen- 
tipedes, and also its land Snails ; and among the Insects there 
were May-flies, Cockroaches, and Crickets. A view of one of 
the May-flies, twice the natural size, is shown in Fig. 171; 
of the wing of a Cockroach in Fig. 172; of a Spider, from 
Morris, Illinois, in Fig. 173; and of a Centipede, from Nova 
Scotia, in Fig. 174. 

Besides these species there were a\s>o Reptiles, ^^ ^^k^^^^ 
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relics of which thus far foand come from Carboniferon 
Footprints of them have been described from the Sul 




iferons beds of Pennsylvania, indiciiting a targe animal 
a fail, — the tail liaving maie \U -nvwY aw We TO.\Mi.-5 
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lich the animal marched. In the Carboniferous beds of 
linois, Ohio, and Nova Scotia skeletons have been found, 
ae of them, from Ohio, is represented in Fig. 175. It 
« the broad cranium with 

,, ^ . Fly. 176. 

rge open spaces that is 

und in the Frog and Sala- 

ander; but while modem 

»ecies have a naked skin 

id no teeth, the Carbon- 

3rous kinds were furnished 

ith scales and sharp teeth 

jry much like those of 

le Ganoid fishes. Frogs 

id Salamanders belong to 

le inferior division of Eep- 

les called Amphibians, 

key are distinguished from 

ue Eeptiles (such as Liz- 

ds, Crocodiles, Snakes, 

artles) by having gills 

hen young, which serve 

em for respiration until 

ey become full grown; then the gills drop off, and they 

le their lungs. The Carboniferous species are believed to 

tve had this low fish-like character in the young state, and 

m to have been related to the modeTn ^to^ ^wSl ^^^ssv^sss.- 




Amphililaa. 

Raniceps Lyellii. 
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dcr, or Ampliibiaiis ; but, while so, tliey were greatly supera 
to the modem reprcscEtatives of the tribe. 

Besides these Amphibians, there were also inte S^til 
Fig. 176 repri'senla a vertebra of one of them, from I 
Nova Scotia coal-meaaiires. ] 

Flfi. 17e, 177. , . . E 

• P vertebra, as the section in i 

^ ^ 177 shows, was couciive ou bt 
"^y surfaces like those of fishes, : 
M also like those of the aea-i 
^^S^ Tians, found in the rocks of 
^^^3 next geological age, — rejd 
F„.,Av,.,.™'!^^A^™.M^, that liad paddles hke wb 
° """" Finally, before the last period 

the Carboniferous age had passed, there were also still 
Keptiles, — those that lived on the land. 

No remaius of Sinb or of Mavmnh have yet been foB 
in a[iY rocks as early as those of the Carboniferous age. 

3. CbangeB during the Progress of the Carboniferous i 

Changes of level were going on over the North Ameri 
continent throughout tlie Carboniferous age; bnt they i 
oscillations above and below the sea-level in many alt«rna(j 
and of the gentlest and slowest kind possible, and not uj 
ings into mounta.ins. Just such alternations of level had 1 
I in progress all through the preceding ages; but the Carl 
iferons movements were pttvAiM m lV.\=,, tKa.t tlie contii 
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over its broad surface was just balancing itself near the wa- 
ter's surface, — part of the time bathing in it and then out 
in the free air, and so on, alternately ; while, in former times, 
the oscillations seldom carried the interior region out of the 
sea, or if it did, only portions at a time. It was peculiar 
also in the fact that the wide continent lay quiet above the 
sea-level, with a nearly even surface, for a very great period 
of timey — sufficiently long to make beds of vegetable debris 
thick enough for coal-beds; many of the coal-beds are six 
feet thick, and some twenty or more ; and even six feet would 
require, according to an estimate that has been made, a bed 
thirty feet thick for bituminous coal, and a much thicker one 
for anthracite. 

The Interior of the continent from Eastern Pennsylvania to 
Central Kansas was a region of vast jungles, lakes with float- 
ing grove-islands, and some dry-land forests, and the debris 
of the luxuriant vegetation produced the accumulating plant- 
beds. A Cincinnati area of emerged land then divided the 
continental marsh from Lake Erie to Tennessee; but farther 
south the eastern and western portions were probably united. 
The Michigan coal area was an independent marsh region. 
The Green Mountauis separated the Pennsylvania area from 
those of New England and Nova Scotia; but the two latter 
srere probably connected along the region of the Bay of Fundy 
md Massachusetts Bay. 

The changes of level could hardly laave e^.TO&SL xr^ ^^53^ 
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all parts of the Interior marsh-region from Pennsylvania to 
beyond the Mississippi; and it is evident that they did nol, 
since it is dilficult to make out the parallelism between ik 
beds of the eastern, central, and western portions. 

The era of verdure during which a plant-bed was in pro- 
gress finally came to its end by a return of the salt water 
over the continental interior which destroyed the terrestrial 
life; and then began the deposition of sediment covering up 
the plant-beds and making sandstones or shales or conglom- 
erates, or the forming of limestones. Finally, the continental 
surface, or wide portions of it, again emerged slowly, putting 
an end to its marine life, and opening a new era of verdure. 
Such alternations continued until all the successive coal-beds 
were made ; some of them affecting perhaps the whole breadth 
of the Interior coal area, others more local. Thus the era was 
one of constant change ; yet change so gradual that only a being 
whose years were thousands or tens of thousands of our years 
would have been able to discover that any was in progress. 

In Nova Scotia the oscillations went on until nearly 15,000 
feet of deposits were formed; and in that space there are 76 
coal-seams and dirt-beds; «nnd therefore 76 levels of verdant 
fields between the others when the waters covered the land. 
But over that region the waters submerging the region were 
mainly fresh or brackish waters, since no marine shells exist in 
the beds, while there are land shells and bones of reptiles. 
The area was an immense delta m \i\v^ C»^^QV5^^T<i^\& ^^j^ '^ 
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mouth of the St. Lawrence, then the only great river of 
*Qe continent, and the submergences were connected with the 
'wds of the stream as well as changes of level in the crust 
^i the earth beneath. 

The Permian period, or the closing part of the Carbonifer- 
^^ age, was an era of gradual submergences, without long 
' tt« of verdure or the formation of plant-beds. 

4. Mountain-making at the close of Paleozoic Time. 

Prom the beginning of Paleozoic time to its close all changes 
wer the Appalachian region west of the Archajan ridges, south- 
"irest of New England, and over the great Interior rc^gion of the 
continent, had gone on quietly, with gentle oscillations of the 
surface and slight displacements, but no general upturning in 
any part. 

These ages of quiet and regular work in rock-making were 
very long, for Paleozoic time includes at least three fourtJis 
of all time after the commencement of the Paleozoic. 

Over the Appalachian region from New York southward, 
the Silurian, Devonian, and Carboniferous deposits have great 
thickness. The amount in Pennsylvania and Virginia has been 
estimated at 40,000 feet, or over seven ?niles. But over the 
Interior region, where limestones were the most of the time- 
forming, the thickness is from 3,000 to 4,000 feet. These 
Appalachian deposits, more than teii times thicker than those 
of ibe Interiorj were accumulating t\\eie iox >Jfta \£ss5«^% ^ "^ 
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range of mountains ; and at the close of the Paleozoic all was 
ready and the mountains were made. 

These 40,000 feet of deposits were laid down in a giorf 
trough made by the gradual sinking of the earth^s crust. For 
the lowest sandstone of the series bears evidence that it vas 
made in shallow waters, as stated on page 116; and the last 
in the series, the Carboniferous beds, were spread out hoi 
zontally just above or just below the surface, the coal-beds 
proving a small emergence part of the time, and ripple-marks, 
mud-cracks, and footprints indicating that the sea-level was 
near by. The coal-measures contain beds of iron ore of great 
economical importance ; and these are evidence that the con- 
dition was at times that of a great muddy marsh, probably a 
salt marsh, the iron ore being a marsh deposit. 

If, then, the top and bottom strata were made near the 
water-level, there must have been seven miles of sinking dur- 
ing the interval between their deposition. Other beds of the 
series bear like evidence of shallow- water origin ; so that the 
fact is clear that the earth^s crust, along what is now the 
region of the Alleghany Mountains, west of the Blue Eidge, 
for a breadth of nearly a hundred miles and a length of seven 
hundred and fifty or more, was slowly sinking, — so slowly 
that the sediments laid down kept the trough all the time 
full to the surface, or nearly so. 

This sinking of the earth^s crust over the region, and the 
concurrent accumulation of sedimentary beds, were the pre^ 
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paiatoiy steps in the mountain-making that was then to go 
fi>rward, — and steps that took, as above remarked, three fourths 
of all geological time after the Archaean era. 

The catastrophe consisted in the (1) folding, (2) fracturing, 
(3) solidifying, and in part (4) crystallizing of the beds; and 
also (5) in the change, in Central Pennsylvania, of bitumi- 
nous coal to anthracite. 

The folds were numerous, and involved the whole breadth 
of the region ; and if their tops had not since been worn off 
by the action of water, some of the folds would now rise 
over 10,000 feet above the sea-level. Tlieir characters are 
shown in Fig. 1-78, of a section from Virginia, extending 

Fiff. 178. 




from the southeast on the right to the nor^west on the left, 

over a distance of six miles. It presents an example, as 

explained on page 84, of the denudation the country has 

Undergone, as well as of the folding. 

The coal-formation was involved in the folds, — a fact 

which proves that the folding began after the coal-beds were 

formed. Fig. 179 is a section from the vicinity of Potts- 

viUe, Pennsylvania, P being the position of Pottsville on the. 

coal-measures. Fig. 180 represents another from near Nes- 

quehoning, Pennsylvania, showing the anthracite beds doubled 

np, and in part vertical. 

8 




. The folda generally have the western 
I if pressure from the direction of the ocean had pushed liia 
westward ; and sometimes the tops liave thus been made 1 
I overhang the western base. (Fig. 179.) 

Pig IRI 




I 

^B 3. The roots vere also fractured on a grand scale, 
^VlQiose of the eastern side of the fracture shoved up so at 
^^Siake fanlts in some cases ot moTft ■Ofta.u V\,W\% lieriv.. 1 
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1 represents one of these great faults. Tlie fault is at F; 
the right of F is the coal-formation, and to the left, a bent- 
Lower Silurian limestone; so that a Lower Silurian rock 
brought up to a level with the coal-formation, — a lift, ac- 
ding to Lesley, of 20,000 feet. 

I. The rocks were solidified through the aid of the heat 

Lsed by the movement of the rocks (page 72) ; and by 

same means the change of the coal to anthracite was 

ised. This change to anthracite took place where the rocks 

most upturned; it duninished westward, and accordingly 

coal, on going west, is first a semi-anthracite, or a semi- 

uminous coal, and then true bituminous coal, as at Pitts- 

rg. Tlie rocks in some regions were crystallized. 

5. While there was so much folding and fracturing, there 

s no chaotic confusion of the rocks produced, the stratifi- 

ion being perfectly i-etaincd. 

[t follows from the facts (1) that the force acted quietly, 
with extreme slowness, — for otherwise confusion would 
^e been produced; and (2) that the pressure acted from 
: direction of the ocean, — the forms of the folds and their 
ater numbers and steepness in that direction proving tliis. 
Now, what was the action producing the folding and accom- 
nying effects? 

The earth's crust below the region rested at the time on 
lid rock; if it did not, the trough 7 miles in depth 
Jd not have been made by the doNrnTW^LtOi \ie^^\w^ ^'^ **vfeRk 
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crust. Suppose the thickness of the crust to have been at the 
time 100 miles; and that below 100 miles there was fusion 
and the temperature of fusion. In the making of the trougli 
the crust was bent downward, and as it formed it was kept 
full of sedimentary beds; so that, at the close of the Car- 
boniferous age, the distance from the surface to the original 
bottom of the bent crust was increased by 7 miles, making 
it 107 miles. If, then, the distance down to the temperature 
of fusion was 100 miles, the bottom of the crust beneath the 
trough for a thickness of 7 miles must have been whofly 
or partly melted off. The crust would have been greatly 
weakened by such a loss, and also by the heat penetrating 
upward into it; for it had received no corresponding increase 
of strength from the 7 miles of deposits added, since these 
were not wholly consolidated. As a consequence, the pressure 
from the direction of the ocean, resulting from the earth's 
contraction (page 89), the same that had been making the 
trough, produced finally a break below and a collapse^ and 
thereby a pressing together of the thick deposits lying in the 
trough, folding and breaking them ; and also raising the upper 
surface above its previous level, because the width of the base 
on which they rested was narrowed by the collapse. 

These facts respecting the formation of the Alleghany Moun- 
tains illustrate the way in which other mountains of folded 
rocks have been made. The Green Mountains had a similar 
history : first, a slow subsiding of the crust making a trough 
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a trough that was kept full of sedimentary deposits, and 
which took the whole of the long Lower Silurian cm for its 
completion (probably half the whole h*ngth of Paleozoic 
time); then a break below, and a collapsM* producing folds 
and fractures throughout the region; contrniporaneously, tlie 
production of heat as a consequence of the friction of the 
folding and fracturing rocks, which was added to the heat 
that had come up into the stratii from the depths b.low dur- 
ing the sinking; and the solidification and metaniori)hism of 
the various rocks as a consequence of the heat. 

Mountains were made in Europe and Great Britain at the 
same time with the AUeghanies, so that the close of Paleozoic 
time has its mountain boundary elsewhere besid(^s in America. 

Changes in PaleosEoic Life at the Close of the Era. 

In Paleozoic time Crinoids, Brachiopods, Cyathophylloid 
Corals, Orthocerata, Trilobites, vertebrate-taih^d Ganoid Fishes, 
■^nd Lepidodendrids, Sigillarids, and Calamites among j)lants, 
'twere characteristic species in each of the classes to which 
they belong. With the close of it, Trilobites, Lepidodendrids, 
!«id Sigillarids became extinct; Cyathophylloid Corals, Ortho- 
cerata, and vertebrate-tailed Ganoids nearly so; and, after- 
ward, Brachiopods among Mollusks, and Crinoids among 
Badiates, were greatly inferior in numbers and importance to 
other types of more modern character. It is thus that the 
Paleozoic features of the world passed \)y. 
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The characteristics of the following era, the Mesozoic, hidl 
part appeared before the Paleozoic era closed, 
pliibiaiis aud true Reptiles were then in existence, — Shrin 
and other species among Crustaceans and Insects, Spideia, u 
Centipedes among Articulates, And the grand division « 
plants which had its maximum display in the Mesozoic-^ 
the Ci/cads, of which an account is given beyond — had 3i 
species before the age closed. 

The extinction of species at the close of the Paleozoic ■ 
80 nearly universal that, thus far, no fossils of the Carboi 
i age have been found in rocks of later date. But tl 
locks now in view were those that were made over the conDq 
nental seas, and, more correctly, over only portions of t) 
seas; and hence they give no facts as to the species c 
ocean, and but an imperfect record of those of the contii 
seas. 

III. — Mesozoic Time. 

Mesozoic Time includes only one nge, — the age of Bfptil»« 
The Mesozoic areas on the maps of the United States a 

id, page? 105 and 178, are lined obliquely from the I 
above to the left below. 

Age of Reptiles. 

This age is divided into three periods : — 
1. The Trussio: named from the Latin Iria, three, ' 
I allusion to the fact that tHe tocYs vci Gwkiskkj \«.>it ^ 
sibdivisions. 
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I. The Jurassic: named after the Jura Mountains^ on the 
tern borders of France. 

5. The Cebtaceous : named from the Ijatin creta, chalky the 
mation including the chalk-beds of England and Europe. 

1. Rooks. 

By the close of the Paleozoic^ the Interior region of the 
lerican continent east of the Mississippi had become dr}' 
d. Accordingly, Triassic and Jurassic rocks were formed 
y on the Atlantic border east of the Appalachians, and 
;r the western half of the continent beyond Missouri. 
These rocks on the Atlantic border cover long narrow areas 
rallel with the Appalachians from the Gulf of St. Lawrence 
ithwestward. One of them lies along the east side of the 
y of Fundy ; another in the Connecticut valley from Northern 
Lssachusetts to New Haven on Long Island Sound ; another, 
Qmencing in the region of the Palisades, extends through 
w Jersey and Pennsylvania into Virginia; and others occur 
Virginia and North Carolina. These areas are indicated on 

map on page 105. 
The rocks are mainly red sandstones. In Virginia, near Bich- 
nd, and in the Deep Eiver region. North Carolina, there are 
3k beds of good mineral coal. They contain no marine fos- 
; the few that occur are either brackish-water or fresh-water, 
follows, hence, that the long narrow ranges of sandstone were 
ned in valley s, parallel with the kip^^XajcJsvv^Xi^^ \e^ ^^J^^^ 
3ome reason^ the sea did not gain i\35\. e^tocckss,^- 
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In Western Kansas, and farther west over the Eocltj Mou;i- 
tain region, there are red sandstone strata of great extenl. 
often containing gjpsum, but generally nithout fossils, that iiir 
regarded as Triassic. Fossils have been found in rocks of tlu^ 
period in California, and also in British Columbia and Aliskj. 

Jurassic beds, willi marine fossils, overlie the Triassic of ibc 
BiOcky Mountain region, west of the summit, making in pan 
the Wahsateh Mountains, the Sierra Nevada, and other raogej. 

At the close of the Jurassic period a great geograpluial 
change took place in Eastern North America and also west nt 
the Mississippi ; for in the Cretaceous period beds full "J 
marine fosdU were forming all along tiie Atlantic border 
soatb of New York, and over a wide region bordering llif 
Gulf of Mexico; np the Mississippi valley, to the mouth "f 
the Ohio; from Texas northward over Kansas and a law 
part of the eastern slope and summit region of tlie EdcI:! 
Mountains, perhaps reaching to the Arctic; and. also aloii^' 
the Pacific border west of t!ie Sierra Nevada. The oullitu' 
of the continent when these beds were in progress is shown 
in the accompanying map (Fig, 182), the shaded portion br- 
ing the part that was then under water, filled with Crctjiceoii? 
life and receiving Cretaceous deposits of sediment. 

llie Cretaceous beds are mostly soft green and gmj sand- 
stones, partly compact shell-beds and " rotten " limestone, 
with hard limestone in Texas, and chalk in Western Kansas. 
Marine fossils are abmiiunt , ani ft^-N ^■ovfcTaWN ■\wIt*,^\E, 
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Over the Rocky Moimtain region tlie beds are in some 

aces 10,000 feet above the sea; sliowiug tliut the mountaina 
been elevated to this extent since the beds were nude. 
FIS.IM. 




In Great Britain the Triassic beds (No. 6 on the accom- 
luyiiig map, Fig. 183) were red argillaceous sandstones and 
ay rocks (marlytt-s) formed in a partly confined sea-basin. At 
leshire they contain a bed of rock-salt derived from the evapo- 
t^U of the waters of the sen-basin, The Jurassic rocks cou- 
^fe/oir, of a ttijcstoue failed t\ie ito.H l^i.i- 1 a'i', <i^\«t 
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iraUreef limestone, showing that there were coral-reefi) in the 
ritish seas of the en ; and near and at the top of the scries, 
esh-water or soil beds, called the Portland dirt-bed, and the 
^ealden (No. 8). The oolyte is so named from the occur- 
mce of beds of limestone which are made of iniimtf; sjihcri- 
il concretionary grains, of the size of the roc of a ionuU 
ih, the word coming from the Greek for egg. ^,^. 

As the Jurassic ended there were large areas of dry land and 
larshes in Southeastern England. But wirh thr commcncc- 
leut of the Cretaceous period there was a new subniciTi^ncc, 
ad green and gray sAnd-beds were accumubled, followed by 

deeper submergence and the formation of about 1,300 feet 




chalk, the upper part containing flint nodules. The chalk 
insists very largely of the shells of Hhizopods, species not 
iger than fine grains of sand, some of which are here fig- 
■ed, much enlaiged; and since, as stated on page 34, similar 
mIs of Rhizopods are now in progress over the bottom of 
e Atlantic west of Ireland, and the Sponges and some othei 
ssiJ.? of the chflJi are probably dee'g-^aXe.i s^ecwa, ^ "* '^ft^ 



lieved that the chalk was formed at depths not lot 
1,000 feet. The flint of the clalk was made from tlM 
ceous Sponges, spicules of Sponges, aiid Diatoms of tht 
sea-bottom. 

2. Iiife. 

L Flanto. — The forests of Mesozoic time contained Co 
:ind Trce-Ferns, like the Carboniferous, but were espi 

Fig. 19S. 




characterized by Cycaih, ~~ -plants that looked like Palj 
ihe Hgure on page IS^O s\\ows, Wt -^etc G-sttayas-^CT'd 
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Conifers. Henee the forests of the early and middle 
ozoic consisted chiefly of Tree-fems, Conifers, and Cycads ; 
where the Tree-fems and Cycads predominated the aspect 
much like that of modem groves of Palms. * 




[n the Cretaceous beds occur the first evidence of the ex- 
Mce, in the world, of actual Palms and of plants and trees 
*■ so common, related to the Elm, Maple, and other trees 
h net-veined leaves, — species which have the seeds in a 
d-vessel, and which are therefore called Angiosperma, from 
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H the Greek for veasel and ^ed. A few leaves from tJie Crt 
H ceous of the United States are represented in Pigs. 189 to L 
^f The forests still had in some places their numerons Cjcai 
H but their general character was clianged, and for the first til 
H they looked modem. 

I a Animals. — Tlie Conds and other Radiates had for fl 
most part a general resemblance to those of the preseat ra 
although all were extinct and mostly of extinct genera. 

(same is true of the MoUusks, and yet some kinds under the 
classes were especially Mesozoic in type. 
This is eminently true of the higher division of Mollusfc 
the Cephalopoih. The chambered shells of this tribe, n 
sented bv Orthoeerata, Nautilij m 
Flg«. 198, IM. 

some related species in the 8 
were in vast numbers noder I 
type of Ammonilea, while tlms.^ 
also many Nautili. Fig. 19S i^ 
sents a front view and 194 a si 
view of one of the earlier of t 
Ammonites, — a Triassic specie 

I The animal occupied the outer cha 

Fi . AmnMLiH loraiius . ■ adckw ^^'^ "^ *'^^ shell, as lu thc Nbh 
°'™"""'"'"° """""■ Ins (Fig. UO, page 123). Pig. 11 

shows the partition which was the bottom of this outer chn 
ber. Around its sides there are pocket-like depressions i] 
which the jnanlle of t\\e a\uma\ iesc^niei. 'to ewBJ^fc"«.\) 
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on to its shell. Two other Rpecies of Ajnnionites are re^jre- 
smted in Figs, 195-197. Fig. 106 shows llie pockets in the 
outer chamber of 195. Fig. 197 rcpresnits a spcies with thf. 
miler edge unbroken and much prolonged. The pockets iiiv 
depressions in tlie partitions at their margins. There were 
Bome Devonian and Carboniferous species, called Goniallles, lliat 



1 




fiad such pockets, but the pockets were simple in outline; 
those of the Amiaomtea are very irregularly plicated within. 
Their complicated outline is well shown in Fig. 198, repre- 
senting the series along half the margin of a partition in a 
Cretaceous species, the shaded part a to i being half of the 
^ries of pockets, twice the natural size, u^i. h h floa 
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line of the back of the shell. Among the Ammonites of 
the Cretaceous there were species four feet in diameter. 




I 



Besides these there were other kinds of Cephalopoda hasit 
internal shells or bones and called Belemniieg. One of these, I 
from the Cretaceous of New Jersey, is represented in Fig. W, 
but, as usual with the fossils, it is imperfect, the upper i^itn- 
der part being broken off. Fig. 200 shows a side view of 
the bone complete, as it lias been found in some species. 
Tlie bone has the same relation to the animal as the pn 
(Fig. 202) in the modern Squid (Pig. 201), it being iiitern;il 
and lying in the mantle along the back ; the animal of the 
Belemnite was much like a Squid. 

These Cephalopods were in great numbers in the seas, over 
a thousand species having been found fossil. In view "' 
their abundance it is a remarkable fact that no Belenmiti 
and only one Ammonite is known to have lived after tin 
close of the Cretaceous, and we have no evidence that by ihf 
close of the first period of the Tertiary even one was living- 
Tbese highest of MoUusks thns ijiassed their climax diQ 
tiie Mesozoic era. 
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The Vertebrates iucludod not onl; FUlies and Reptiles, like 
^Carboniferous age, but also Birds aud Mammab. 




MiM. — -GaEoids and Sharks were the prevailing kinds of 
Mesozoic until the Cretaceous era, and then fishes of 
] tjpe — Herring, Salmon, Pereh, ani iVe \\V», — -■«'a.<i ^sv 
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great numbers, — species tlint imve bony and not carlilagi% 

iskeletousj and wliich are therefore tailed Tdiosls, 

bong througkout. They lEcIude tlie common cdibie specieaB 

The Ganoids lost their tails, tliat is, the vertebrated c 
acter of the tail-fin, in the first period of the Mesozoic. 
species had then a vertebrated tail, some half- vertebrated, ■ 
others non-vertebrated, that is, had merely a caudal fin; B 
after the Triassic, all were of the modem no n- vertebrated t 

BeptUsB, — Reptiles were the dominant species of the 
through all the periods. 

In the Triassic, the Amphibians were of great size, as shol 
bj their footprints on the sandstones of (lie Connecticut 1 
ley and at some other localities, and also by the bones I 
have occasionally been found. Some of the largest t 
walked as bipeds on feet that made tracks 10 to 20 inches I 
long and nearly as broad, and with a stride of three feet, 
indicating a height of at least 10 or 12 feet. Tig. 203 
shows the form of the impressions. The tracks of the much 
smaller forefeet are occasionally found, showing that this huge 
biped Amphibian sometimes brought them to the ground; the 
form is shown in Fig. 203 a. Twenty-two consecutive tracks 
of one of these bipeds were laid open in 1874 at one of tlit 
quarries of Porthind, Connecticut. Other species have smaller 
tracks, and some are less than half an inch long. 

Other Amphibians of the era walked on all fours. Figs, 
204, 20i a represent the tiacVs ol ■* \.\\\\.i IwA -sai, \OTt fe* 
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>iie kind^ and 205, 205 a those of another, both from the 
Luecticut yallej. 



FIffS. 208-206. 




Tftckf of AmphlhlMti and Trae Reptiles. 

: Figs. ao3, 203 a, Otozoum Moodii (X /••) ; 204, 204 a, Anisopus Dewyanus ( X H) ; 205, 205 a, 
A. gracilis (X ^). — Tme Beptile: Fig. 206, 206 a, Anomoepus scampus, a Dinosaur ( x \i). 

AU the Amphibians, there is reason to believe, had large 
teeth and scale-covered bodies, like the Amphibians of the 
Carboniferous age. A tooth of a related four-footed species 
Erom Europe is shown two thirds the natural size in Fig. 
207. The head of tlie Amphibian that was thus armed was 
over 2 feet long, and three fourths as broad. 

There were also true Eeptiles of various kinds. One division 
of them, called Dinosaurs (meaning terrible lizards), had the 
hinder feet three-toed like those of birds. The tracks of one 
from the Connecticut valley sandstone is shown one-sixth the 
natural size in Fig. 206. They walked usually on their hind 
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legs, like bipeds, but sometimes put their forefeet down. Thd 
were four-toed. The print of the forefoot of this species I 
represmtcd in Fig. 206 a. 

ng. ati. There are many kinds of three-toed tracks i 

. the Connecticut vailey sandstone which kt| 
never been found associat^id with tracks of tl 
forefeet; and as tliey have preciselj" the foa 
of those of birds, they have been regarded b 
tracks. But they may have been all made 
tliese bird-like Ileptiles. 

Some of the Dinosaurs of the Jurassic a 
Cretaceous periods better deserve the name d 
terrible lizards. Tlie Meffalosaur was a lit^ 
carnivorous reptile 25 to 30 feet long; the Iffuaaodon i 
Ilarhosaiirs were vegetable etiters, fully as large. 

Auotlier division included Enaliomura, or the Sea-Saurlans, 
which had paddles tike whales, and were 12 to 60 feet long. 




Fig. 906. 



One kind, called IchtJii/usinirs (meaning fish-lhards) (Fig 
had a short jieck, a vetj Wgp e^e, a.\\\ xXiwi Nw'wi'aTs. c 
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on both aides [Fig iOS a), much reserabliiig those of fishes. 
Oue species was 3U feet long. Another kiiiil, called Ple»io*auT* 
(meaniug, somewhat like a lizard), had a long siiake-like neck 
(Pig. 2U9), short body, and vertebra; as long ua broad. 




A third division included the Mosasaurs, — snake-like rep- 
tiles, 15 to 80 feet long, with short paddles, jawa sometimes 
a jard long, and the loweT jaw ptx'tdiar in having an elbow- 
joint to fit it to be used like an arm for working the carcass 
of a great beast down its enormons throat. They had power- 
ful teeth ; one of them, about half the size of the largest, is 
represented in Fig. 210. Several species liave been found in 
the Cretaceous beds of New Jersey and Kansas, along with 
Hadrosaurs, Dinosaurs, Hnd other kinds. 

A fourth division included Crocodiles, with long slender jaws 
like the Garud, the crocodile o£ tke Oiaii^e;^. 
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A fifth division included flying Beptil 
called Pterosaurs (from the Greet for mi^ 
Saurian). One of them, reduced 
fourth tiie natural size, is represented in P 
211. The wiug is made by the elongati 
of one of the fingers and the expansion 
the skin from the side of the body. Soi 
species from Kansas had an expanse of » 
of 24 or 25 feet. They had the Iiabils 
I bats. 

Thus the age was literally an age ( 
Eeptiles. Air, earth, and seas were all o 
pied by them, and by species of great i 
uitude, among them those of the hig 
grade. The Beptihan type thus had 
maximum display in Mesozoic time. 

Birds. - — A bird with its feathers has been found fossil 
the Ooljte of Solenliofen, Germany; and bones of a nui 
of birds in tlie Cretaceous of the United States, The ! 
hofen bird had a long tail, furnished with a row of long qil 
either side. A Kansas species, described by Professor Mu 
kad leelh set in sockets, — a striking R^^ptilian character, 

Mammalfl. — Bones from a few species of Mammals I 

been found, the earliest in the Triassic beds of Germany i 

North Carolina. Fig. 212 represents a jaw-bone from N{ 

■ Carolina. The remains oi ot\\ei Tt\a.lti Vmia Vwi«,\«ievi^ 
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I Oolyte at Stonesfield, England, and also in the Upper 
i ill the Piirbeck beds. Tlie species arc Manupialt, 




isj mammals related to the Opossum and Kangaroo ; they 

leculiar in having a pouch [Marsupium, ia Latin) on the 

side of the bodv, over the breast of the mother, for 




eiving the young, which are born in an immatore state, 
atly all modem MaraupkSs are confined to the contine nt oi 
i few exist still in A.menca. 
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Thus all the classes of Vertebrates hadj in Mesozoic t 

their species, even to Birds and Mammals. As early as ^4 
Triassic, its first period, the Amphibians passed their cliniii j 
in numbers, size, and grade, litlle being afterward known of 
the huge scale-covered tribe ; and during its following period! I 
true Reptiles had their time of greatest expansion, giving a I 
strong Beptitian character to the Reptilian age. But the 
Birds and Mammals which appeared in the age were onlv tlie 
commencement of tribes that were to reach their fullest dis- 
play in later time. Both the early Birds and Mammals hail 
marks of inferiority, and also characteristics that showed some 
relation to the BeptUes with which they lived. Thus the 
Birds had long tails, and some, at least, true teeth like Rep- 
tiles ; and the Mammals have been called semi-oviparoui, tlial 
is, kinds whose jouag were in an immature state when bom, 
approximating in this respect to the egg state, which is an 
example of an extreme degree of immaturity. It is also a 
fact of interest that among Reptiles the Dinosaurs were hke 
birds, not only in their bii)ed mode of locomotion, but in tlie 
special way by which they were adapted to this kind of pro- 
gression ; for they had the same kind of feet as birds, the 
same number of toes, the same number of joints to the sev- 
eral toes, also liollow bones in part, a somewhat simile 
structure in the hinder part of the skeleton to which the I 
bones are articulated, and other points of resemblance. 
The progress in the life o^ t\ve -woAi \\\ '^Ye.wjT.ws, ■•ms 
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Iso seen in the fact^ that with the opening of its third period^ 
Sharks and Ganoids were no longer the only fishes^ the mod- 
jm tribes having made their appearance; and, too. Conifers, 
rree-fems, and Cycads were not the only forest-trees, for al- 
ready Palms and Angiosperms had added vastly to the variety 
of foliage and to the richness of the flowers and fruits. Of 
lines of transition from the older trees up to these Palms and 
Angiosperms nothing is known. 

Tlie old law of change characterized the life of Mesozoic 
time. New fossils are found in every successive rock-stratum, 
and also older kinds are missed, ^^e system of life was in 
course of expansion by the introduction of new species and a 
casting off of the old. 

T 
/. . 

3. Mountain-making in Mesozoic Time. 

The Sierra Nevada, Wahsatch, and some other ranges of 
the western slope of the Eocky Mountains were made at the 
close of the Jurassic. All the strata there existing from the 
bottom of the Silurian to the top of the Jurassic were folded 
up in the making of the Wahsatch Mountains, and probably 
in that of the Sierra Nevada. 

Li the course of the Jurassic, or at its close, the Triassic 

[or Triassic and Jurassic) rocks of the Atlantic border (Con- 

lecticut River valley and elsewhere) were slowly tilted; and 

hen occurred a great number of deep fractures, mostly par- 

]lel in course to the direction oi l\ve ^x^'& ^'l ^'^ ^sxiSs^x?^^ 

9 ^ 
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which opened down to a region of liquid rock ; for the liqsj 
rock came to the surface aud cooled, and now coustitu 
many ridges, such as Mouut Holyokej Mount Tom, 
sades on the Hudson, and others between Nova Scotia 
the north and South Carolina. During the formation 
sandstone a slow sinking was in progress, as is proved by < 
footprints on the surfaces of layers and otlier markings, tlie 
showing that the layers — originally mud-flats and sand- 
of an estuary — were successively at the wat«r-level. The 
sinking brought a strain on tbe rock-made bottom of the 
trough, and ended in a breaking of the crust, ani thence 
came the ejections of trap. The trap resembles the coM 
rock of most volcanoes, but is commonly much more compact, 

IV. — Cenozoic Time. 

Cenozoic Time comprises two Ages : — 
I. The TEETiAaY, or Age op Mammals, 
n. The QnATEaRAEY, or Age of Man. 

I. The Tertiary, or Age of Mammals. 

The Tertiary age has been divided into three sections; (1) 
the Eocene; (2) the Miocehej (3) the Pliocene. These 
terms signify, severally, (1) tbe ilnien of recent time; (2) 
less recent ; (3) the more recent. Tlie areas of Tertiary 
in North America and "Eng\o.n4 Ma <!asX,WL^\i\?Ir.e.\ li-a 'Owt 
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ages 105 and 114, hy bemg lined from the left above to 

Q Hie right below, 

1. Rooks. 
In tlie accompanying map the white area represents the 
J land of the continent in the Eocene, or early part of the 




ertiary. Only the borders of the Atlantic, the Gnlf of 
[exico, and the Pacific (the shaded portions) were covered 
I' the sea, and over these parts Tertiary rocks were fonning 
irongh marine action aided by the contrftixjiitfSEffl "A TCT«a, 
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The geograpliieal changes since the opening of the Ci 
lous period were great, as will be seen by comparing 
map with that on page 177. The Kocky Mountain 
was now above tlie sea. The rivers of the eastern part 
the continent, or those contributing waters and sediment to 
the Atlantic, had two thinls or more of their present extent, 
but the Ohio and Mississippi were still independent sti 
emptying together into an arm of the Mexican Gulf. 1 
Missouri and other western streams were just beginning 
be. The Mountain region but slowly emei^d, and fill n 
the close of liie Tertiary there were great lakes instead 
great rivers. In the Eocene the lakes occupied the Gn 
River and other summit basins. Afterward they were tat 
east and west, and in the Pliocene, aa Marsh states, a 1 
extended from Nortbem Nebraska to Texas. Tlie Terti 
consequently includes, from its begiimingi vast fiesh-wakr 
well as marine formations. 

Marine Tertiary beds of tlie Eocene period were formed 
the Atlantic border south of New York, and on the bord 
of the Mexican Gulf; but Miocene only ou the Atlantic 1 
der, some change of level having excluded them from 
Gulf border west of Florida; and Pliocene along the c< 
region of South Carolina, though of this there is doubt. 
the Pacific border there are marine beds, both of the 
and Miocene periods; the latter are most estenaive. 

Underneath the Marine "Eoccwe \ieas o\ \\w\.w«' 
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ere are Lignitic beds^ that is^ beds containing lignite — 
kind of mineral coal retaining usually something of the 
ructure of the original wood — alternating with beds that 
e partly marine^ the whole indicating that fresh- water marshes 
lere alternated with fresh- water lakes and salt seas; for tlie 
lignitic beds were once beds of vegetable debris such as are 
)rmed in marshes. 

Fresh-water Tertiary beds cover large areas over the Rocky 
loimtain summit region, and its eastern slope, as well as 
art of its western in Oregon and elsewhere. They were 
ormed in and about the great lakes alluded to above. Im- 
aense numbers of bones of mammals and many entire skele- 
ons are contained in these beds, showing that the shores of 
iese lakes were the resort of wild beasts, some of them of 
iephantine size. In the Green River basin and other parts 
)f the summit region the beds are Eocene; while over the 
iastem slope they are mostly Miocene and Pliocene, the 
alter of widest extent. 

Underneath these fresh-water beds over the eastern slope 
n the region of the Upper Missouri, and far north in British 
America, as well as far south, there is a Lignitic formation 
^hich is partly, especially below, of brackish- water origin; 
nd these are equivalents of the Lignitic beds below the 
larine Eocene of Mississippi. Over the summit region of 
le mountains the Lignitic formation has a thickness of sev- 
^1 thousand ieet^ and instead of Ligia^ic \i^^^ ^Jsi^et.^ "ivxft. ^^- 
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, brackish-wn 
latter mainlT'l 



uable beds of mineral coal. There are marine, t 
and fresli-water strata in the formatioUj the latter mainlj'l 
the upper part. The coal-beds occur in Wyoming, Utah, and 
Colorado, and some of them, opened near the Pacific fiaih 
afford coal for its locomotives. These beds overlie the £ 
taceoUB beds conformablj, and the latter also have similar a 
beds ; so that the Cretaceous deposits and era here blend wilh 
tbe Tertiary, Moreover, a very few Cretaceous shells occur in 
some of the marine beds and the remains of some reptiles 
related to the Cretaceous Dinosaurs, The great majoritj of 
the fossils are Tertiary in aspect and genera, and tliej we 
therefore here referred to the Eocene, although regardedJ 
Cretaceous by some geologists, Tliese Lignitic beds and fl 
underlying Cretaceous were all upturned together in ooe 
mountain -making effort, before the fresh-water Eocene beds 
of the Green River basin were deposited. 

In Great Britain there are marine Eocene Tertiary beds3 
the " London basin," and next a thin Pliocene stratum, no i 
rine Miocene existing there. Over Europe and Asia the 1 
formatiou was widely distributed, showing that those contina 
even as late as the early Tertiary, were largely under &i 
sea. The Pyrenees, portions of the Alps, Apennines, Carp' 
thians, and mountains in Asia were partly made of (hem 
The beds in many places contain the coin-shaped foraminifcr 
(Rhizopod shells) called Nummnliies, varying from half s 
inch to one. inch or mote in i\a,infite« ■, awi 'Ow* "^to; 
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lich some of the. Egyptian pyramids are built is made up 
iefly of Nummulites. One of them is shown in Fig. 214; 
e exterior is represented as removed from part jug, ^u. 

the interior to show the cells, which were once 
cupied by the minute Rhizopods. Some species 

a related genus occur in modem coral seas, 
iey must have been exceedingly abundant over »M«muut«a 
le great continental seas of the Tertiary. Miocene beds have 

thickness of several thousand feet in Switzerland (consti- 
iting the Rigi and some other summits), and occur in many 
bher parts of Europe; but they are limited in area com- 
ared with the Eocene. Marine Pliocene beds are of still 
jss extent, yet have a thickness in Sicily of 3,000 feet. 

The marine Tertiary rocks are very various in kind. The 
irger part are soft sand-beds, clay-beds, and shell deposits, 
lie shells often looking nearly as fresh as those of a mod- 
m beach. Others are moderately firm sandstone. There 
re also loose and firm limestones. The green sand called 
marl,'^ used as a fertilizer, which is so characteristic of 
le Cretaceous, also constitutes beds in the Tertiary of New 
srsey. 

The fresh-water beds are like the softer marine beds, 
it contain, of course, no marine shells. Part of them are 
lite firm; but others are easily worn by the rains. Some 
■eat areas in the Rocky Mountain region, both over the 
mnnt and the eastern slope, have been TeAwee-^L m ^fi«\& ^"k?!^ 
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to areas of isolated ridges, towers, pinnacles, mid lable-topped 
hills, that are mostly barreii, owing to the dry climate, ami 
which are therefore callwl " Bad Lands," or in French (in 
which language the expression was first applied), " Mauvaisfs 
Torres." 

2. Life. 

The life of the Tertiary age shows in all ite tribes an ^ 
proximation to that of the preseut time. The mnmimilfr, and 
probably the birds, are all of extinct species. But nnK»g 
the plants and the lower orders of animals there were nray 
species that still exist: in the Eocene, a small percentage; iu 
the Miocene, 26 to 40 per cent ; and in the Pliocene, a mucii 
larger proportion. Tlie common oyster and clam were living 
aa far back as the Miocene era, along with a large luimbsr 
of sheila that are now extinct species. Progress throngh tlie 
Tertiary era was gradual in all departments. 

The forests of North America were much like the modem, 
but with a larger proportion of warm-climate forms. Palms 
flourished over Europe and in England through the EocKie. 
In the Miocene the European species were still those of * 
warmer climate than the present, and included some Australi.in 
species. Even in the Arctic zone there were in the Miocctn 
great forests of Beach, Oak, Poplars, Walnut, and Redwoml 
(Sequoia, the genua to which the " great trees " of Csliforiii* 
belong), with Magnolias, Alders, and others. 

The modern aspect o? tV\ft mame ^e&* x* ^Mi^re. Ns, "4* 
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foUowiiig figures: Figs, 215- 
cies, and 220-223, of Mio 



9, of American Eocene ape- 
frotn the Atlantic border. 




'Hiis is furtlicr manifest in tlie following figures of fresh-water 
shells from the Ligriitic beds of the Rocky Mountain regions, 

Flgi. 280-933. 
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— speci>-s which are supposed fo prove that those beds m 
Tertiarv iiistfiid uf Cretaceous, To appreciate the change sinff 
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time, the reader should turn back to the figures ui 

shells oa pages 121 to 133. 

The Ttrtiarv VedebTaies were more unlike the moiiems 
tlian the Invertebrates. Among 
fishes, Sharks were exceedingly 
abundant, and their teeth, the most 
enduring part of the skeleton, are 
very common in some of the beds; 
and those of one kind, pointed, tri- 
angular in form, were nearly m 
large as a man's hand. One ot 
the smaUer of these teeth is repre- 
sented in Fig. 230. 

The true Reptiles were Crocodiles, 

Liidi'd-'j iSnaJ.i.'-, gig'iiitic aiii am«&ftT '^viVt's, wA o^-sa. J 
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Amoi^ the birds tiiere vere Owla, Woodpeckers, Conno- 
nints. Eagles; and those of France included Parrots, Trogons, 
flamingoes. Cranes, Pelicans, Ibises, and other kinds related 
to those of warm climates. 

The Manunab of Mesozoic time, thus far discovered, were 
probaUy all of the lower order called Marmpiah ; but witli 
the opening of the Cenozoic era there were true Mammals. 
The Eocene beds about Paris, Prance, afforded to Cuvier the 
first specimens described ; and now they are known from all 
parts of the world, and from none in greater variety than from 
the fresh-water Tertiary region west of the Mississippi. 

The earliest kinds were related most nearly to the mod- 




em Tapir (Pig. 231), Hog, Uhinoceros, and Hippopaiamus. 
There were also kinds between these and the Deer. All the 
ihove mentioned are Eerbivorei, that is, plant-eaWts. "&«sft 
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were also Carmvuree, or feih-eaieri, related to the dog and 






wolf, and Monkeys rekted to the Lemurs. 






One of the Uerbivores o£ the Eock,v Mountain Eocene ii 






the Binocetas of Marshy — » figure of the skull of which iJ 




]i<:r' givt'U. It ^las iiearlj' as targe -.u, fui Elephant, but Iqfl 
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six horns and was somewhat n'lated to the Rhinoceros, Fi).; 
233 represents tbe skull of one of the Miocene species,— 
an Oreochn, — which was inlennediste in characters betffw ■' 
the Deer, Camel, and Hog. The form of a European sp- 
cies more like a Deer, called a XijjAodu/i, is given, as n- 
stored by Curier, iu Fig. 234. Tliere were also Hursi'^ 
through ihe Tertiary ; bat ■w\\\V 'One mo^e-m ">^q^w Vm, wJs.. 
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«# toe out of the full mammalian number Jive, some of the 
aie had three toes, one hirge, and two too short for use; 




Miocene kinds had three toes, and all nsahle; and thp. Eocene 
Had four toes, and ill usihle 
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Ill the Miocene and Plioceue there were Mastodons, Ete- 
phauts, Ithinoceroses, Camels, and Monkeys over tlie Hockj 
Mountain region, besides many smaller species. The marine 
Tertiary of t!ie Atlantic border has afforded, as should be 
expected, but few of these species. Cattle related to llie Oi 
have not been found in beds earlier than the Pliocene. 

The Mammalian type was at last extensively unfolded, il* 
grand divisions being well represented. But the mflKinmra 
display of the brute races took place Hill later, in the earlv 
r middle Quaternary, after Man had appeared. 

3. Mountain-making. 

In North America, after the deposition of the coal (or Lig- 
nitic) beds of the summit region of the Eocky Mountains, 
and of similar beds in California, there was a flexing Mid 
upturning of the strata along with those of the Cretaceous 
beneath, — which together, as has been stated, make oae con- 
tinuous series, — and ridges over 3,000 feet and more liieli 
were thus made in the coast region of California, and iitlien 
of greater height in Mexico, Kew Mexico, Colorado, and I« 
the north. 

During the formation of the Lignitic beds the uplifting 
the whole Eocky Mountain region nbove the sea was in pn 
gressj for such beds of vegetable debris as they were nu^c 
from show that long periods of rest above the sea alteriiat^d 
with shorter periods of auVtmet^fctvce.. ti-^^fct "^^ e^aati. of 
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ming which followed^ if not also contemporaneously with 
this elevation was continued^ and without a return again 
low the sea-level. But the existence of the vast fresh-water 
kes over the surface proves, as first observed by Hayden, 
lat the rising went forward with extreme slowness, and 
robably with long delays at intervals; and it is quite cer- 
lin that the present height — at least 10,000 feet in Colo- 
ido and Wyoming above the level in Cretaceous times, since 
le Cretaceous beds, full of marine fossils, are now at this 
eight — was not attained before the close of the Pliocene, 
I it was then. 

The Pyrenees, Apennines, part of the Northern Alps, and 
ther high mountains of Switzerland, the Carpathians, and 
ther mountains in Eastern Europe were raised thousands of 
-et, and the mountain regions in Western Thibet, in Asia, 
6,500 feet, after the Eocene Tertiary had partly passed, and 
le rise perhaps began at the same time with that of the 
retaceous and Lignitic mountains of the Rocky Mountain 
unmit and the coast region of California. 
After the Miocene another range 2,000 to 3,000 feet in 
ight was made along the California coast-region west of the 
etaceous range, and some disturbances took place in the 
rtiary over the summit region of the Eocky Mountains. 
The close of the Miocene was a time of great disturbance 
i of mountain-making also in Europe, to the north of the 
DSj in Switzerhndj and elsewhere. 
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At the ?anie time, that is, in the Miocene era, great enq 
tioiis of igneous rocks took place over the western slope 
the Ilocky Mountaius, coveriog thousmids of sijuare miles 
and probably the deep fractures were then opened wliich gM 
origin to the volcanoes Mount Shasta, Mount Hood, and otbt 
luuuuits in the Cascade Kange. So also along the coast al 
Ireland and of Scotland, and the Inner Hebrides to the Y. 
Islands, the eruptions were of great extent, Fingal's Cave ant 
tlie Giant's Causeway date from tliis period. 

lu each case over the Eocky Mountains the making of * 
mountain raiigi; was preceded, as in that of the Appalacliitt 
T^on {page 168), by a sinking of the earth's crust where tfe 
range was to be, and the accumulation in the trough, 
formed, of some thousands of feet of deposits. Then foUofrf 
the catastrophe, — as explained for the Appalachian regiiHi M 
page 172, — causing npturnings, foldings, fractures, consoiid** 
tion ; and sometimes also a crystallization of the beds, chi 
ing them to granite, gneiss, and allied rocks. Each time, aflw 

mountain system was completed, that part of the eartHV 
ornst was too much stiffened to be the site of another sint 
ing trough, and consequently the trough made later, if thi3( 
was any so made, was to one side of the former. In tW 
Tertiary the crust over the whole Rocky Mountain region hal'i 
finally become so stiffened that no new trough was begUli 
after the Miocene ; and instead of a folding of the thick Mio 
Oene formation into a moimla\i\ iM\?jfe, ■gt^iV \iit'^^ 
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rust took place from which floods of lavas were let loose and 
lie lofty volcanoes were begun. , 

4. Climate. 

During Mesozoic time the Arctic zone was warm enough 
or great Reptiles, — warm-climate species, — and the British 
eas for coral-reefs. 

The close of the Cretaceous was probably an era of unusual 
Jold, sending cold oceanic currents from the Arctic zone; for 
10 other cause will account for the general destruction of spe- 
5ies that tlien took place over the continental seas of America, 
Europe, and Asia. But the Eocene era was one of warm 
ilimate again over Great Britain, — for England was then a 
SkXii of Palms; and Palms continued to flourish over Middle 
ind Southern Europe during tlie Miocene period. Through 
3oth the Eocene and Miocene the Arctic lands were covered 
irith forests, and hence the Arctic climate must have been 
jomparatively warm, — not colder at least than tlie present 
jlimate of the Middle United States and Nortliern Prussia. 
There was a cooling off with the progress of the Miocene, 
lud by the close of the Tertiary the earth had probably its 
rigid, temperate, and torrid zones, nearly as now. 

2. Quaternary Age, or Era of Man. 

The scene of work for the Quaternary age was to a large 
ixtent widely different from that of SksR. Tei\Aa.x^ «^ ^^"y^^^Si^^ 
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ages; and the kind of work was equalij' different. With H 
close of the Tertiary tlie continent, which was begun in tl 
nucleal V of Arch^an time, was finished out very nearly i 
its present limits, and at its close an elevation added the Teq 
tiary formation of the sea-border to the dry laud. 

This accomplished, the Quaternary opened. Agencies ' 
now at work over the broad surface of the contiuent — 
dry land, and not continental seas, as formerly — transpnrt- 
ing southward gravel and earth from regions to the north, in 
order to cover the hills with gravel and soil and fill the bai- 
leys with alluvial plains. Over both Europe and Americs 
transportation went forward from the high latitudes southwntd, 
except where there were mountains sufficiently lofty to be 
sources of independent movements. Hills and valleya i 
no impediment to the great agent engaged in this ■ 
continental system of transportation, Tlie aid of the c 
was not needed in these movements, and was not given a 
cept to a small extent along its borders. 

After these great results were attained the work of 1 
rivers went on more quietly, and ' finally, through this I 
other agencies, in connection with some change of contlneri 
level, the earth assumed slowly its present perfected condila 
of surface and climate. 

The age is divided into three jieriods : ~ (1) the GuoiAl 1 
period; (2) the Champi-ain periodj (3) the E-EcasT or !&»rJ 
Race period. 
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1. Glacial Period. 

L Oladal Phenomena. — The general facts are these : — 

In America and Europe, over the northern latitudes, sand, 
gravel, stones, and masses of rock hundreds of tons in weight 
are found from a few miles to a hundred and more south of 
the region whence they were derived. Tliis transported ma- 
terial is called drift, and the stones or rocks, bowlders. 

In North America, the region over which the transportation 
took place embraced the whole surface from Labrador or 
Newfoundland to the western borders of Iowa, and farther 
west for a distance not yet determined, and it reached south- 
ward to the parallel of 40° and in some . places beyond this. 
In Europe it included the British Islands and Northern Eu- 
rope, down to the parallel of 50°, where the temperature is 
about the same as along the parallel of 40° in North America. 
The direction of travel was generally to the southeastward, 
southward, or southwestward. 

The fact and the direction of transportation have been as- 
Jertained by tracing the stones to the ledges from which they 
vere derived. Thus bowlders of trap and red sandstone from 
he Connecticut valley are found on Long Island, and masses 
\i granite, gneiss, quartzyte, and other rocks in New Eng- 
and, to the southward or southeastward of the ledges that 
afforded them. In the same manner masses of granular mar- 
7e have been proved to have come itom ^ loTsa»Jctfs^ ^^ ^s^ 
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100 miles to the Qorthwaid of their preseut poaition. 
again masacB of native copper are found in Indiana and 
nois that were brought from the veins of native copper S( 
of Lake Superior. The greatest distance to which bowl 
have been traced has been 400 or 500 mfles in Europe, 
or 300 over Eastern North America, and 1,000 miles along 
Mississippi River valley, where they reach nearly to the Gii 

The masses sometimes contain 2,000 to 3,000 cubic 
Bo that they compare well in size with lai^ houses. 

Drift regions arc also regions of extensive planings, 
isliiugs, aud scrafdiings of the rocks (Fig. 235). 1 




I scratches may ilmost anvwliere ba luuiid uu rocks that . 
been recently uncovered Va-it areas are thus scoured 
scratched o\er, aud the scratches ha^e great uniformity 
direction The bowkkrs i\ao -vyi ^wv'wrVcft. 
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Scratches and bowlders occur on top of Mount Mansfield, 
he highest point in the Green Mountains, 4,430 feet above 
she sea, and at a level of 5,500 feet on the White Mountains 
in New Hampshire; and the direction of the scratches shows 
that the transporting agent moved over both of these sum- 
mits without finding in them any serious impediment, and 
thence continued on its way southeastward. 

The drift covers the mountains and hills of drift regions, 
Hnd makes also a large part of the formations in the valleys. 
Over the hills it is unstratijied drift, the sands, gravel, and 
Btones having gone down pell-mell together; in the valleys it 
is stratified drift, — stratified because there the sands and 
gravel were deposited in flowuig water, which sorted some- 
what the material and spread it out in beds. The excava- 
tions in cities or villages for the cellars of houses are often 
made in the stratified drift, and the sands usuallv show a 
succession of beds which is evidence of the action of water. 

Sl Cause of the Glacial Phenomena. — No known agent is 
adequate for transportation on so vast a scale excepting mov- 
ing ice. And, as Agassiz was the first to appreciate, it was 
glacier ice. The size of the blocks transported is no greater 
than is now borne along on the backs of glaciers; and the 
planing and scratching is just what the Alps everywhere ex- 
emplifies. The moraines of the glaciers, as explained on page 
60, are derived in the Alps from the cliffs either side of tlie 
ice-stream, and a small part only are taken up by the abrad- 
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ing surface at bottom. In the Continental glacier of the Gla- 
cial period, tile stones, gravel, and sand were gathered Inm 
the hills o^er which the icp moved, for there were no dift 
or peaks projecting above the surface even in hillj New 
England. Tk' White Mountains, as above stated, have 
scratches to a height of 5,500 feet, or to within 800 feet of 
the summit, and therefore were buried in the great glacier 
nearly to iti top, and in snow, if not ice, for the rest, lik- 
ing the height at the Wliite Mountains as a guide, the upper 
surface of the glacier at tliat point was at least 6,UO0 feet 
above the sea-level, and the thickness of the mass about 5,fliH) 
feet. From this region it sloped away over Southern and 
Southeastern Tvew England to its place of discharge in tiif 
Atlantic. A thickness of even 2,000 feet, which is over four 
times that of the largest Alpine glacier, would have given gretl 
abrading power to the heavy mass. All soft or decomposeil 
rocks would have been deeply worn away by it, and liarf 
rocks with open joints or plaies of fracture lorn to pieces; 
and the heavily pressing, slowly moving mass would have takw 
the loose and loosened roek-material over the hills beneath 
into itself, as additional freight for transportation. 

Masses of trap 500 to 1,000 tons in weight lie along iIn 
elevated western bonier of the plain of New Haven in Cdn- 
necticut, which were gathered up from the trap hills betnti ;■ 
Meriden and Mount Turn in Massachusetts. The hills :\^ 
1,000 to 1,300 feet lugW, aw\ W™ ■«!-^», ^N\.»^ SW ^«i-- 
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ere taken up, were 1,500 to 2,000 feet below the upper sur- 
ce of the overlying glacier. ^'^ 

A glacier moves in the direction of the dope of its upper 
\rfacey in spite of the slope of the surface beneath it. It 

like thick pitch in this respect. If pitch were dropped 
definitely over a spot in a plain, it would spread away 
definitely; and if the surface around had a rising slope, it 
ould fill up the basin and then keep on its course. So it 

with the ice of a glacier. In order to liave a southeast- 
ard course, a glacier must have its surface highest to the 
)rthwestward with slope southeastward; and if the snows 
ere more abundant to the north in the Glacial era, and the 
citing less abundant there, than to the south, an accumula- 
Dn to the north might have gone on that would have pro- 
iced movement southward. If the plain beneath the pitch 
id deep channels obliquely crossing it, the pitch in these 
^annels would follow their direction, while the overlying 
tch kept on its main course. So with the glacier : its lower 
irt within the large valleys followed the directions of the 
Ueys, as the scratches and bowlders show; while the upper 
»rtion had its usual course, — the course which is indicated 
' the scratches elsewhere over the higher parts of the 
untry. 

The cold of the era may have been mainly due to an ele- 
tion and extension of Arctic lands, increasing the area of 
t:tic land-ice; and to a partial cVosmg, \)ttto\v^ ^\^ ^^"^s.- 
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tiou, of tlie Arctic region against the warm current of 
Atkiitic Ocean, the fJulf Stream^ which is now a source 
warmth fo all of Northeastern Europe, and even Icebwi, 
Nova Zembla, and the polar seas and lands. Oilier reasons 
for cold have been suggested, references to which will be 
found in large works on the subject. 

Sonth America has its Glacial region, and evidences of 
transportation toward the equator; so that the pheaomeii:! 
described were not confined to only one hemisphere. Somt 
writtTs suppose it to have been alferoately in the two hemi- 
spheres. But the evidence of this doe^ not appear to be sati-'- 
factory. 

The moving glacier of New England appears to have iiaJ 
its head in the height of land between the St. Lawrence v:il- 
ley and Hudson Bay ; for the scratches diverge from tiii' 
region over Eastern Maine, New Hampshire, Vermont, »ii 
New York, being in Western New York and the region jofi 
east of Lake Huron southwest in direction. 

South of drift latitudes there were glaciers of great magni- 
tude about the liigher mountains; and moraines, si-ratchw, 
roches montonnees, occur on a grand scale in many valleys "' 
the higher ridges of the Hocky Mountains and the Sierm 
Nevada, as mementos of their former Glacial history. Tlie 
accompanying sketch (Fig. 236) of roeifn monl^inni'ea iii oi"' 
I of the higher valleys of Colorado is repeated here from psp' 
61, becaase tlie events iuditaltA VWv^ lo Wt ^■scvA ■'jp^. 



QUA'i'ERNAKY AGE, -GLACI.-VL PEKIUU 



^17 



The Toc/ies moulonnees extend along lliti valley thn>iigti an 
.'I'l^piit of nearly 2,000 feet. At present then; iin.^ no glaeiers 
M\\m\ 500 miles of the pbce. 
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over the hills and in the valleys, making thick deposits] i 
as these deposits often contain lai^e bowlders, derived liken 
from the gkcierj they are called bmolder-clays, 

2, Cham plain Period. 
L Melting of the Glacier and Deposition of the Drift 
larger piirt of Ww. deiMisition ef the dril't was delayed until 
the glacier melted. There is reason to believe that during 
the Glacial period tlie luijd over the northern latitudes atocii 
at a higher level than now, and that this was one cause ot 
the occurrence of a cold era. Whether this were so or not, 
tlie glacier was made finally to disappear through a sinidiig 
ef the land over northern latitudes, which trought on a 
milder climate and determined, and then hastened, the melt- 
ing. This subsidence marks off the commencement of the 
Gkamplain period, the second period of the Quaternary. The 
earlier part of it was the era of the melting of tlie gnat 
glacier. The melting would liave gone on for a hmg timf 
with extreme slowness ; hut when the glacier was thinned 
down to the last 500 to 1,000 feet, in which part of it tbe 
most of Uie gravel and stones were, it went forward rapiilj'; 
and then took place the pell-mell dumping of gravel and stonw 
over the liills and valleys, with the stratification of whatever 



^_ 'iiKi LUG mils anu vaiiejs, wtiii ine suraiincaLiou oi wuaicic. .. 

^B fell into the waters. At last, as the facts prove, there was an I 

^H immense flood owing to the rapidity of the final melting! fa | 

^1 the later depositions in mauj Tcgvww ^tt ^jvi'i'^-^ (^'^nx^ia '^^^ 
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the earlier^ the finer material having been swept away down 
stream and into the ocean. 

The 'Mississippi valley was the outlet for the waters of the 
great region it now drains; and the flood during the whole 
jlacial period must have been great, and floating ict; laden 
nth northern stones must have often hurried ott' down stn^ani 
the GuK. But at the final flood it made thick dej)osits 
►n the way to the Gulf, as observed by Ililgard, and in 
Mississippi bowlders as large as a bushel basket are found in 
he beds. 

Icebergs thus despatched to the Mexican Gulf must have 
nade havoc of the warm- water life; and it is therefore no 
Kjcasion for surprise, as Hilgard remarks, that the sea-shore 
hrift deposits contain no marine species of shells. 

The subsidence, with which the Cliamplain ])oriod opened, 
vais greatest to the north, being over 500 feet on the St. 
jawrence near Montreal, 400 feet on Lake Champlain, over 
JOG feet on the shores of Maine, and but 40 to 100 feet along 
Jouthem New England. The river-beds hence did not have 
ven their present slope, and consequently the rivers in part be- 
ame great lakes. For the same reason the flood waters made 
eposits of great breadth along the river valleys and lake re- 
ions, — the greatest fresh- water deposits of geological history. 
Tie depth of the submergence at Montreal, on Lake Cham- 
lain, along the coast of Maine, and most other points on 
le sea-coast is proved by the occwiteiicft ol ^^-^'^r^s. ^^^'^i- 



its full of sea-shells at the heights just stated. In the 
on Lake Champlain the bones of a whale have been exhumed, 
which lived in the waters of the lake in the Champlain pe- 
riod, when it was a great arm of the enlarged St. Lawrence 
GuK. All the rivers and lakes over the continent in the lati- 
tudes north of 40°, and partly those south of it, have high 
alluvial plains at a level far above the river or lake thev 
border; and they were made in this Champlain period vhen 
the land was below its present level. 

2. Champlain Period after the melting. — After the melting 
was completed, the rivers, though still at flood height, were 
more quiet in their action, and they made depositions in 
the river-valleys, wherever these were not already filled to 
the flood level, of a finer alluvium; and much of this allu- 
vium contains fresh-water shells, and occasional bones of 
quadrupeds. The amount of sand, gravel, and clay which 
had been dropped over the hills by the ice was immense, 
and it lay loose, easy to be taken u]3 by streams the rains 
might make; and hence the filling of the valleys even after 
the ice had disappeared may have gone forward for a while 
with much rapidity. But the finer alluvium shows tliat 
before the Champlain period ended the flow of the larger 
streams was comparatively quiet. 

In Europe and Great Britain the Champlain period was one 
of subsidence over the higher latitudes, as in America, and 
the subsidence was greatest to t\\e wox\\\. \\\ ^\»xvsi& -s^ 
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Belgium the depression below the present level was 50 to 
100 feet; in Southern Engknd, 100 to 200 feet; in Northern 
England and Scotland, as reported by British geologists, 1,000 
A) 1,400 feet. In Sweden it was 200 at the south to 400 or 
iOO to the northeast, — so great that an ocean channel then 
connected the Baltic with the White Sea. The alluvial deposits 
)n the Ehine, below Basle, are in some places 800 feet or 
here in height above the river. But this height does not 
ndicate a depression of as great an amount in the Cham- 
ilain period; for much of it was owing to the piling of the 
iooded waters in the narrow valley. The distance from Basle 
n a straight line to the North Sea at the mouth of the Ehine 
s about 400 miles; and if the flood from the melting glacier 
ncreased the slope of the surface of the waters on an average 
wily 2 feet a mile, the flood level at Basle would have been 
iOO feet above the present level of the river. 

3. Recent Period. 

The Champlain period was brought to a close by a raising 
•f the land over the higher latitudes, bringing the continent 
inally up to its present level. This elevation placed the old 
ea-beaches of the Champlain period high above the sea, at 
lieir present level, that is, over 500 feet near Montreal, over 

00 feet on the coast of Maine, and so on, as above stated; 
rid this level is approximately a measure of tlve ^l<e.v^i\a^, 

1 ver- valley Sj after the rise, bad a muc\i ^\fee>^T ^<:i^ *Cfea2a. '^^s^ 
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the (.'liii HI plain period, and lience their flow was increased ii 
rate. Tiiey consequently went on cutting down their I 
through the Chaiiiplain deposits of the valley to a lower If 
and at the time of their annual floods they wore away t 
I deposits on either side of the channel, making therebj i 
alluvial flat or flood-ground, — for every rivei 
ground which it covers in its times of flood, as well as ^ 
channel for dry times. This sinking of the river-beds k 
the old flood-grounds as a high terrace far above the I 




QUATERNARY AGE. — RECENT PERIOD. 



223 



nade along the valleysj as illustrated in the accompanying 
tfiew {Fig. 237). A section of a valley thus terraced is repre- 
sented in Fig. 238. The formation terraced is, as is shown, 
the Champlaiu; and in the Champlain period it filled in gen- 
eral the vuUey across {from f to f"), excepting a narrow 
channel for the stream, the wliole breadth having been the 




flood-groiiLid of the Champlain River. But after the elevation 
of the land that closed the Champlain period began, tlie river 
commenced to cut down through the formation, making one 
or more terraces in it, on either side of the stream. In Pig. 
238, B is the position of the river-channel after the terra- 
cing ; and on either side of it there are terraces at the levels 
/'_/', d <}', h h' , and also another on the right side at r. 
These terrace-plains are usually the sites of villages. They add 
greatly to the beauty of the scenery along all watcr-coorses. 
Tlie t«rraccs fail where the valley is narrow and rocky. 

Between the Champlain and Recent periods, or in the open- 
ing part of the latter, Europe passed through a second, but 
less severe Glacial epoch. Marks of it have been pointed 
out in glacial deposits in the Alps and other places, but esjje- 
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leiatly through t.ht occurrence in great quantities of remains 
I of the Reindeer, a high- latitude animEil, in Southern Frauce, 
■ "With the bones of the Reindeer there are also those rfl 
I other cold-cliiuate species. This epoch is called the Beiti 
I deei" era ; and the part of the Recent period following it 
I the Modem era, 

4. Iiife of the Quatemaiy. 
I General Obseivatioiis. — The plants and the lower tribe* 
j of the minimal kingdom in the early part of the Quaterau^ 
I were essentially the same as aow. The species of corala msti 
[ ing coral-reefs in the tropica were probably in existence a 
I at wort before the close of the Tertiary age; and the ssi 
I is true of part of the Insects, Fishes, Reptiles, Birds, isB 
I Mammals of the modern world, perhaps of a lai^ part. 
There must have been some exterminations as a conse- 
quence of the cold of the Glacial period, and of the ice of 
high latitude regions. Many plants were driven south bf 
the coming on of the cold, and thus escaped destruction; a 
some of these now live on Mount Washington and other hi^ 
summits of temperate North America. Birds must have shoib 
ened their northward migrations and lengthened them soutiw 
ward, and for the most part may linve escaped catastrophei 

tlhe beasts of prey, cattle, and other "large mammals of Dril 
Utdtudes must also to a great extent have moved toward tb 
tropics as the rigors of the a^ptoa-dim^ \wi-'^-TOii. \«!gia. 
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be felt. Certain it is, that after the ice had gone there was 
a large population of brute Mammals over Europe and the 
other continents; and facts seem to prove that they hung 
about the southern Jimit of the ice, and often moved north- 
ward with the lulls in the intensity of the climate or the 
shortening-in at intervals of the ice-field. 

2. Brute Hammala — The brute mammals reached their maxi- 
mum in numbers and size during the warm Champlain period, 
and many species lived then which have since become extinct. 
Those of Europe and Britain were largely warm-climate spe- 
cies, such as now are confined to warm temperate and tropical 
regions ; and only in a warm period like the Champlain could 
they have there thrived and attained their gigantic size. The 
great abundance of the remains and their condition show that 
the climate and food were all the animals could have desired. 
They were masters of their own wanderings and had their 
choice of the best. 

The relics have been found in deposits along the margins 
of rivers and lakes; in marshes, where they were mired; in 
caves, buried in the stalagmite (page 24) that had been 
deposited over them. In Britain and Europe the caves were 
the haunts of Bears, Hyenas, and Lions, much larger than 
any of the kind now living; these beasts of prey dragged 
into them the bodies of the animals they fed upon. The 
Cave-Bear resembled much the Grizzly Bear of Western 
North America; and the Cave-H.yeT\a «avSl G«N^^\issvv '«:t'^ ^^- 
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garded as the same in species vith the African Hyena a 
Lion, althongh these modem kinds are dvarfs in compaTisos 

With these there were in Britain and Europe species of 
Rhinoceros, a Hippopotamus, the Siberian. Elephant or 
I moth, the Brown Bear, Wolf, Wildcat, Lynx, Leopard, Poi, 
Elk, Deer, and others. The modem Horse was among them, 
yet gigantic in size like many of the other Mammals of that 
genial period. The Irish Deer [Cervas megaceros) , skeletons of 
which have been found in Irish bogs, had a height to the tip 
of the antlers of 10 to 11 feet, and the span of the antlen 
was sometimes 12 feet. The Elephant {MepAas primcffiiii»] 
and the most common filiinoceros {R. iiekorinus) had a iaii? 
covering, and this fitted them to wander off into regions EU' 
north ; their remains, especially those of the Elephant, show 
that they lived in great herds over Northern Siberia, wheie 
now the mean temperature of the year is 5° to 10° F, Th' 
Rhinoceros had a length of Hi feet, and the Elephant »»<■ 
nearly a third taller tlian the largest of modem Elephants. 

In North America also there were large Lions and BesBi, 
but none of them, as far as known, made caves their dfsu. 
The largest of the species was the Mastodon (Fig. 239), 
animal with tusks and trunk like an Elephant. "When f 
grown it was 12 to 1.3 feet in height, and fo the extremitk 
of the tusks 25 feet long. The teeth had a cron'n as lai^i 
area as this page, and of the form shown in Fig. 240. Skd 
tons have been foimd in mavs\veB n^Wtr Vkva \^s».N■J \5rs 
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mired; and portiona of their undigested food^flie small 
branches of spruces and other trees — have been taken from 
hetweeu their ribs, where the stomach once was. 




iere were also American Elfphanls of great, size, mue!i 
:ye8embliug the Siberian, Fig. 241 represents a tooth of one 
of them foumi in Ohio ; it is a little larger than that of the 
Mastodon. There were also Horses of large size, Tapirs, Oxen, 
lieavers, and various gigantic species of the tribe of Sloths. 

The Sloth tribe was especially characteristic of South 
America, The modern Sloth is as large us a Dog of medium 
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siw. These species of the Chsmplain period included a Jb 
i gaderium (Fig. Mi), which was larger than Uie largest ol 
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pulling dowii trees after raising itself erect on its hind 
legs aiid enormous tail — a third support — for the purpose. 
Tliis is one of many kinds of gigantic Sloth-like animals that 
lived in South America during tlie era. Other related speciea 
ii.id a shell somewhat like the modern Armndillo; and these 
also were gigantic, one of them (Fig. 243) measuring 5 feet 
norosa its alieli, and having a length of at least 9 feet. 
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In Australia the Mammals are now, with some 
captions, Marmpiala, the Kangaroo being one 



imall ex- 

»f them. 
They were also Marsupials then; but the ancient kinds par- 
took of the peculiar feature of the era, — great magnitude, 
some of the species being as large as a Hippopotamus, one 
having a skull a yard long, and many of them being far 
larger than any modem Marsupial. 

Thus the brute races of the Middle Quaternary on all the 
continents exceeded the modems greatly in magnitude. Why, 
no one has exp/aifled. 
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Tlie geiiial climate of the Champlain period was abruptiji 
terminated. For carcasses of the Siberian Elephants were 
frozen so suddenly and so completely at the change, that the 
flesh has remained untainted. Near the close of the last cen- 
tury, one huge carcass dropped out of the ice-cliff at the 
mouth of the Lena, and for a while made food for dogs. 
The existence of a hairy covering was then first ascertained. 
A hairy Rhinoceros lias also been found in the ice. This 
change of climate was probably connected with the commen- 
cing of the Reindeer or second Glacial era; and it was then 
that the Reindeer and some other species succeeded in mi- 
grating to Southern France, there to live until the cold epoch 
had passed. The remains of the Reindeer are found along 
with those of the Cave-Bear, Cave-Hyena, Rhinoceros, Ele- 
phant, and other Champlain species, showing that all lived 
together there at that time. 

3. Man. — Man was in existence during the Champlain 
period; and probably in its earlier part before the ice had 
disappeared (a part often included in the Glacial era by geol- 
ogists) . 

Relics, indicating that he was a contemporary of the gigantic 
Champlain Mammals, occur in various caverns and in river 
and lacustrine deposits, in Britain, Europe, Syria, and in 
other regions. 

The relics of M^m are stone implements, such as arrow- 
heads, hatchets, pestles, and stone chips made in the manufac- 
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ture of the implements; bones, shells, and other materials hav- 
ing upon them his markings or carvings; his pottery; the 
charcoal left from his fires; the bones of animals broken 
lengthwise to get out the marrow; his own bones, skulls and 
skeletons. 

In Europe and Western Asia the stone implements of the 
earher part of what is sometimes called the Stone age are of 
rude make and unpohshed. This part of the age has been 
called the Paleolithic era in human history, or that of the 
old'Cst stone implements, — the word, from the Greek, signi- 
fying old and stone. The stone implements occur along with 
bones of the Cave-Bear, Cave-Hyena, Mammoth, Rhinoceros, 
and several other Champlain species, and also with the bones 
of Man; and these human relics are so associated with those 
of extinct Mammals that there is no reason to doubt that 
they were contemporaries. 

Next came the Reindeer era. Its stone-implements are un- 
iolished, but better made than those of the preceding era. 
besides these there are examples of bones, shells, horn and 
itone engraved with the forms of animals, and others that are 
variously carved, or made into spear-heads and other forms, 
.nd also perfect human skeletons. Fig. 244 represents a 
(rawing, on ivory, of the hairy Elephant; it was found in 
he cave of La Madelaine, in Perigord, Southern France, and 
hows that the Elephant was well known to tlie men of the. 
eriod. These human relics are a8aoc\a.\jfe^ Vfio. "teassssa ^^ 
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the same Champlain MsRunals that occur in the earlier in- I 
posits, and also with great numbers of the bones of the I 
Heindeer, and many of the Aurochs, Elk, Deer, and other I 
species of later time. 



I 

I 



Next followed an era in which the implemnnts were still 
of stone, but often polished, and in which the remains of tlie 
Beindeer are rarely found, and those of the peculiar Cham- 
plain species not at all, but instead portions of skeletons of 
the domestic dog and other existing quadrupeds, with mucti 
broken pottery. This era in the Stone age is called the Nfo- 
lilJtic, from (he Greek for new and atone. The shtU-heaps 
(Kitchenmiddeos) of the Danish Isles in the Baltic are anio!i|i 
the Neolithic localities. 

The bones and skeletons of Man of this Stone age in bq 
case indicate a race inferior to the lowest of existing races, 
or intermediate between Man and the Man-Apes, — the sj 
ainong the brutes ■whic\v a'p'jiToar^i \\\to wio^v -ciasK^^. 
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hey are those of uncivilized Man, and in part of Man of a 
LOW order of faculties. 

The skeleton of Neanderthal (a part of the valley of the 
Diissel, near Diisseldorf) is the worst, but it is not older 
than others having better skulls and higher foreheads. The 
capacity of the cranium was 75 cubic inches, which is greater 
tban in some existing men. A jaw-bone of low type, found 
ia tiie oldest Belgian deposits, had little height and great 
jijaekiiess, as if for powerful use, and the posterior of the 
molar teeth was the largest, — a brutal feature. 

The skeletons of the Eeindeer era in Southern France are in 
part those of men of unusual height, — 5 feet 9 inches to 
over 6 feet; and the skulls are large and well shaped, with 
the foreheads high and capacious. They are of better size and 
shape than many of the Eeindeer era in Belgium, which are 
small and after the Laplander type. 

Oife of the most perfect was found in the stalagmite that 
formed the floor of the cave of Mentone, near the borders of 
France and Italy, on the Mediterranean. Eight feet above it in 
the stalagmite there were remains of the extinct Rhinoceros 
and other Champlain species. The man would compare well, 
if we may judge from the skeleton, with the best among 
civilized races, — his forehead broad and liigh, and rising with 
a facial angle of 85°, his height 6 feet; and yet he was a 
European savage of the Reindeer, if not Paleolithic era; for 
about him lay his flint implements and weapons, his chaplet 
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I of stag's canines, and shells that he had gathered for fooi 

1 or ornament from the shores near by. The tibia or sluD-bow 
was somewhat flattened, a pecvdiarity often observed in the 

I skeleton of the American Indian. Tlie brnin-ca\ity of a skull 

, fooiid in the cave of Cro-Magnon, in Southern France, 
capacity of 97 cabic inches, which is very much above that 
of ordinary Man, and nearly three times that of the higheal 
Man-Ape. 

In North America cases of the occurrence of ancient humui 
bones or skeletons in Quaternary deposits are not as well 
authenticated as those in Europe. Admitting the facia thsl 

I have been published, they do not give Man greater antiquil 

I than those above mentioned. 

No case of the presence of human relics in deposits of tl 
Tertiary age on any continent is yet well established. Mr. 
W. Boyd Dawkins, an exceUent British geologist and originii 

I observer in this department of the science, states, in his recal 
work on Cave-Hunting (1874), that the evidence obtainei 
proves that "Man lived in Germany and Britain after 

' maximuni Glacial cold had passed away," and that no 
remains " have been discovered up to the present time 
any part of Europe which can be referred to a higher 
tiquity than the Pleistocene (Quaternary) age." The hui 
relics thus far found in Syria and Asia lead to no gre^ 
antjguity for Man. Migration into Europe along with ti 

Champhm Mammals in pie-GWvaX t\m£ He. »\s^ti«&.-, 
this point there are as yet no Yno-rtv la^^. 



GEOLOGICAL WORK STILL GOING FORWARD. 285 

The second Glacial epoch in Europe and Asia (which 
there is reason to believe produced effects also in North 
America) appears to have finally brought to a close the era 
of giant beasts, leaving the world for Man. 

The Age of Man still continues; and now it has as its 
fossils, not only flint implements and human bones, but also 
buried cities, temples, statues, manuscripts. 

The system of life, long in progress, finally reached its 
completion in a being that could search into the earth's his- 
tory, study Nature's laws, investigate the system of the uni- 
verse, judge of right and wrong in himself and others and 
^vrill the right; and who has thus the highest credentials of 
kinship with the Infinite Author of physical and moral law. 
The progress of chief interest hence is no longer the develop- 
ment of animal mces and characters, but ths exaltation of 
Man in the direction of his higher nature. 

5. Geologioal Work still going Forward. 

Eock-making has not yet ceased; for the old agencies — 
the waters, the winds, and life — are still at work with un- 
impaired energies. Sand-beds, pebble-beds, and mud-beds are 
accumulating along sea-shores and in shallow waters, precisely 
like those that were hardened into ancient sandstones, con- 
glomerates, and shales; and limestones are forming from shells 
and corals similar to ancient limeatoivea. ^ot^<3s^\^ \aa^^®^ 
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>ssils include, besides human remains, corals, shells, and 
lies of all the various tribes of the era, as in past time. 

Further, species are becoming extinct; at least through 
"an, if not in other ways. The Dodo, an extinct chicken- 
ice bird of 50 pounds weight (Fig. 245), was living on 
'auritius in the 17th century. The Moa, larger than an 
strich, and other birds with it, have recently disappeared 
om New Zealand. The Aurochs {Bison priscus) of Europe 

nearly extinct. Thus wild animals have begun to disap- 
iar before advancing Man. The same is true qf plants. 

Again, changes of level are still going on. A large part 
■ Sweden is rising at the slow rate of 4 feet or so a cen- 
iry, and as slowly a portion of Greenland is subsiding, 
ach movements, along with earthquakes, prove that contrac- 
on from the cooling of the earth^s crust has not ceased. 

Hence, although the earth is in its finished state, enough 
• geological work is now going on to enable Man to decipher 
e records of the past. 



V. — Observations on Geological History. 

I. Length of Geological Time. 

To the question. What is the length of geological time, 
ology gives no definite reply. It establishes only the gen- 
ii proposition that time is long. 
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Tlie Canon of tlie Colorado (page 78) ia a goi^e 200 

' mileB long, bounded tlie most of the way by steep iriil 

of rock over 8,000 feet in height, cut through sandstone 

limestones, and otiier rocks, and at bottom over parts of i 

( for several hundred feet, into granite ; and above the lof^ 

valla a few miles back from the stream the pile of neai^ 

I horizontal strata is continued in mountains to a height ai 

[7,000 to 8,500 feet above the bed of the river. All thi 

facts, as its desciibers testify, point to running wal«r 

agent that made the great channel. The region was unda 

the sea until the close of the Cretaceous period, for 

• Cretaceous strata are the uppermost rocks. It follows, tlieEt 

ihai. all this extensive excavation was accomplished by slow 

acting water during Ceuozoic time. Surely Cenozoic time wi 

very long. 

The gorge of tiie Niagara River below the Palls has 
length of 7 miles. It is the work of the waters since I 
middle of the Champlain period; for in the first pbcfij 
former cLamiel leading from the Whirlpool toward Lake Q 
tario was entirely filled by the gravel and sands thrown 
by the melting glacier during the earlier part of that periofl 
I and, secondly, Champlain beJs containing shells of Lake 
\ and a tooth of the Mastodon, formerly spread over the pli 
, where the gorge now is, as shown by the remains of tlie bl 
^ matiou above on the Canada side. The water baa coH 
Iqueutly made this vast eitca\a.\,\mi, 1 la-^e^ Viw;,. ^ 
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appeared. The rate of progress of the Falls up stream is 
not satisfactorily ascertained; the most rapid rate that has 
been estimated would give more than 80,000 years for the 
work. 

The thickness of a sedimentary deposit is no satisfactory 
basis for determining the length of time it took to form. In 
a sea 100 feet deep 100 feet of sediment may accumulate; 
and the thickness could not exceed this (except a little through 
^ave-action and the winds) if a million of years were given 
to it. 

Let the same region be undergoing a subsidence of an inch 
a century, and the thickness might increase at that rate; and 
much faster if a yard a century ; and with either rate, giving 
time enough, any thickness might be attained. Hence a stra- 
turn of sandstone 100 feet thick may have been formed in a 
thousandth part of the time of a thin intervening bed of shale. 

Nevertheless, the aggregate maximum thickness which the 
strata attained during the several ages may be used for an 
approximate estimate of the comparative lengths of those 
ages. On such data, it is deduced that the time-ratio for 
Paleozoic, Mesozoic, and Cenozoic time was not far from 
12 : 3 : 1. Consequently, if we suppose the length of time 
since the Paleozoic began to be 16 millions of years, Paleo- 
zoic time will include 12 millions, Mesozoic 3 millions, and 
Cenozoic 1 million. Most geologists would make the whole 
'nterval several times 16 millions. 
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2. Progress In Features. 

The earth through the ages made progress, — 
L In its gorface features: from the condition of a melted 
sphere as featureless as a germ, to that of an abnost univer- 
sal ocean \*'ith small lands, — enough of land to mark out 
the feature-lines of the future continents; and at last — after 
slow expansion southward, a lifting of mountain ranges at 
long intervals, and a retreating of the waters — to the exist- 
ence of great continents having high mountain borders and 
well-watered interior plains. 

2. In its river-eystems : from the existence of only Kttle 
streamlets draining small lands in the Archaean and Silurian 
eras, and making no permanent geological record beyond a 
rain-drop impression ; to a condition of vast fresh-water lakes 
and marshes wlien beds of vegetable material accumulated for 
the making of coal-beds ; and finally to that of the completed 
continent, when a single river with its tributaries drains, 
waters, and contributes fertility to hundreds of thousands of 
square miles of surface, and the work of fresh waters in rock- 
making exceeds that of the ocean. 

3. In its climate: from a condition of general uniformity 
of temperature, to, at last, — though mth interrupted progress, 
— that of the present diversity, when the poles have a per- 
manent capping of ice, and only the equatorial regions per- 
petual verdure. 
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4. And, again, in its living adornments: from an era when 

the small rocky lands were bare, or gray and drear with 

lichens, and all other life was of the simplest kind and below 

the water-level; to a time of flowerless forests and jungles , 

over immense plains, yet with no sounds from living Nature 

Haore musical than the Amphibian^s croak ; and onward to 

tihe better time when the earth abounds in flowers and fruits 

%iid birds, and is covered with the homes of Man. 

3. The System of Nature of the Earth had a beginning 

and will have an end. 

A system of progress or development in the earth as much 
implies that it had a beginning, as that in any plant or ani- 
mal. Man, Mammals, Fishes, Mollusks, Ehizopods, Plants, 
all had, according to geological history, their beginning; so 
also mountains, valleys, rivers, continents, rocks. And so 
also the earth; and therefore the system of nature, whose 
development went forward in and through it, had its begin- 
ning. 

If this is true of one sphere in space, we may rightly take 
another step and assert that t/ie universe hail its beginning. 

It also admits of demonstration that the earth will have its 
end. A finished state is always the state before decline and 
death. The earth is dependent for all the beauty in its liv- 
ing adornments, and even for the existence of its life, on the 
heat and light of the sun. The sun is losing annually its 
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heat; and however infinitesimal the amount of loss, it ifi sure 
to end in a cooled and dark sun; and hence, even long be- 
fore the Bun is cold, the earth, supposing it to have met willi 
no earlier catastrophe, will have beconiR dark, and lifeless,— 
literally a dead earth. 

4. Progress In Life. 

1. The progress in life was in general from the simpk 
forms to the more complex, or from the low to the MglL— 
This truth has been illustrated in each cliapter of the pre- 
ceding geological hislory. 

S. The progress was by gradual st«p8, — Species appeared 
ind disappeared, not only at the beginning of ages, or of the 
iubdivisions of ages called periods, but also during tlie pifr 
gress of periods, each of the successive strata containing boim 
fossils not found below, and failing of others that are abun- 
dant in underlyuig beds. There were at times epochs of wid^ 
spread catastrophe, ending periods, and two of them, thost 
closing Paleozoic and Cenozoic time, were nearly or quite 
universal for the continental seas. But these must have left 
unharmed the life of the deep ocean; and they may not have 
exterminated all the life of the emerged land, or even of the 
whole area of continental seas. 

3. The pn^resB was according to gyBtem. — The first anhnal 
life was probably the Protozoan. — or Rhiaopods, Sponges, ami 
tile like; kinds that are mintits'. -^ni i.e^-4jM.^<t ol 
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But later the four great systems of structure — the Radiate, 
MoUusk, Articulate, and Vertebrate — were defined; and the 
species which appeared afterward in the long succession were 
constructed according to one or the other of these systems. 
Each system, by the new species that came into existence as 
time moved on, became displayed in higher and more diver- 
sified forms. The first of the Vertebrates were the Fishes, — 
the simplest of its tribes. Even in these limbless species 
the arms and legs of the higher Vertebrates were present, 
though only in the state of fins; and the lung, though only 
as a cellular air-bladder ; and the ear, though only as a closed 
cavity containing a loose bone; and so with other parts. 
Thus the earliest of Vertebrates possessed in an incipient stage 
many of the organs that became fully developed in the later 
and higher Vertebrates. And in the succession of species that 
existed, all were made on the fish-structure as its basis, even 
the species of the highest class, — those of Mammals and 
Man. A zoologist, in order to understand the fundamental 
elements in the human structure, goes to the fish and the 
frog for instruction; and Nature is so true to her funda- 
mental principles, that he there finds what he looks for. 

4. The system of progress is rightly called a system of de- 
velopment or evolution. — With every step there was an un- 
folding of a plan, and not merely an adaptation to external 
conditions. There was a working forward according to pre- 
established methods and lines up to the final species, Man, 
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and according to an order so perfect and so harmonious i( 
, its parts, that the progress is rightly pronounced a develc^ 

ment or evolution. Creation by a divine method, that ia, \ 
I the creative acts of a Being of infinite wisdom, whether thiouf 
I one fiat or many, could be no other than perfect in sjsl 
I and exact in its relations to all external conditions, - 

indeed, than the very system of evolution that geological histo; 

makes known. 

8. The system not one of regrnlar progren upward, bn 

involving the culmination and decline of some tribes a 

general unfolding went forward. ^ As has been brought oi 
■ ill the history, the division of Trilobites, Brachiopods, > 
> Crinoids, besides others, reached their maximum, or cnlminab 

in Paleozoic time; of Amphibians, in the first period of t 

Mesozoic era; of Eeptiles and Ganoids among Vertebista 

I and of Cephalopoda, the highest of Mollusks, in the 1 
Mesozoic; of brute Mammals, in the Cliamplain period 
Cenozoic time. So, again, in the kingdom of plants, I 
highest Cryptogams — the Acrogens — culminated in the 
boniferous period, that is, the later Paleozoic ; Cycads, ia ' 
middle Mesozoic ; while Palms and Angiospenns have the preaj 
era as their time of greatest display and perfection. The 
are a few examples, showing that progress did not | 
regularly upward; but that the old, not only in species, fc 
also in tribes and orders, were culminating and then ] 
Bwsy, as new and lng\\er ti'Ooes -wwe m^TcfcvRRi., Ssv ■a 
^ressin^ evolution of tlie Vrnftio^* tA \\1«.. 
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ft Parallelism between the progress of the system of life and 
the progress of individual life. — An animal^ in its growth from 
the germ, — or, as it is called, its embryonic development, — 
passes through a succession of forms before reaching the adult 
state. In Mammals the changes after birth are small, the larger 
part of them having taken place before birth. But in the lower 
animals the successive forms are often widely diverse, and they 
frequently mark successive stages in the life of the animal. 
Thus, in Insects, there is the caterpillar or grub stage, before 
the adult; and in many Crustaceans, Mollusks, Worms, and 
Itadiates there are several such stages. 

Now species have existed — and many now exist — which 
have the general characters of the forms in these lower stages ; 
and, in accordance with the above proposition, the order of their 
appearance in the geological series is, in general, as announced 
by Agassiz, that of their development in the embryonic series. 
Thus, as the worm-like grub precedes the adult insect, so 
Worms, in geological history, preceded Insects. As a fish-like 
condition of an Amphibian precedes the adult form in which 
the fish-like feature is lost, so Fishes preceded Amphibians. 
The examples of the principle are numerous. Some authors 
have so great faith in it, tliat they are ready to decide as to the 
form of the earliest species of a tribe from the earlier stages 
in individual development. But this is unsafe, since such forms 
may have come late into the system of life as well as early; 
inasmuch as progress was not in ail cas^s UY«^^^ ^t^^^^^. 
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Where the parallelism above mentioned is not apparent in 
the general form or structure, it is still manifested in certain 
comprehensive laws common to both kinds of progress, the 
geological and embryonic. The following are some of these 
laws. 

a. The low before the relatively high. 

b. The simple before the complex, A germ has little dis- 
tinction of parts ; the animal it is to evolve is there in a veiy 
general condition, that is, without any special organs. As de- 
velopment of a Mammal goes on, the defining of the head be- 
gins, and this is one of the first steps in the evolving of special 
parts, or in the specialization of the structure. Protuberances 
also form and commence the defining of the limbs ; and then, 
finally, the parts of the limb become distinct, or are specialized. 
Thus it is throughout the structure, until the specialization of 
the parts peculiar to the particular animal is completed. 

This law of the general before the special is a law also in 
the geological progress of the system of life. In a fish, the 
earliest of Vertebrates, the vertebrate structure is exhibited in 
its most generalized condition. The vertebral column consists 
of one single uniform range of vertebrae without a neck portion, 
and without a pelvis to divide the body from a tail and afford 
support to hind limbs ; the limbs are fins, and hence only rudi- 
ments of limbs ; the vertebrae have great simplicity of form ; 
the teeth are all of the simplest kind ; the lung is merely an 
air-bladder, and so on. Thus, all through the structure, a fish 
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is an exhibitiou of the vertebrate type in a generalized state. 
The Yertebrates which succeeded to fishes, the Amphibians, 
have the grand divisions of the body well brought out, and are 
specialized also as to limbs even to the toes, and in other ways. 
Passing onward in time, the new Yertebrates appearing exhib- 
ited successively a more and more complete specialization of 
organs and functions, up to Man. In the development of Man 
from the embryo, it is not true that he passes through a fish- 
hke condition ; but it is the case that certain fish-like charac- 
teristics may be observed in the structure, during its earlier 
progress ; and one of these is an opening beneath the jaws, 
which Dr. Wyman has regarded as representative of the gill- 
openings of Fishes. 

This law of progress by specialization has its exceptions ; for 
Snakes, which are limbless, succeeded to higher reptiles which 
had limbs. But such cases only exemplify another fact, al- 
ready illustrated, — that, while upward progress was the rule, 
there was also progress downward, and especially after the time 
of culmination of a tribe had passed. 

c. Stationary forma sometimes before the locomotive. Thus, 
(1.) Crinoids, part of the earliest life of the globe, were sta^ 
tionary species living attached by a stem; and, after these, 
there were free Asterioids. So the young of the modem Cri- 
noid has a stem for attachment, and loses it, in many spe- 
cies, as it becomes an adult (a Comatulid). (2.) The earliest 

Bracbiopods were attached species, ax^A. ^o ^ifc ^^ ^^s^oa^^ ^ 

\U existing Brachiopods. 
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d. FvriM lit a group having tlie body elongated poiteiiarlf^k 
and endowed behind with hcoMotive power, generallg /rnNlfl 
those thai are shorter behind and superior in the anlerioT fV^^ 
tion of the body and head, — a headward tTanafer of ike fof^^k 
' <f the struciuTe marking all upward progress. The yoirng oti \ 
I crab has an elongated locomotive tail-extremity, whicli it loses | 
as it develops to a crab ; and so the loug-tailed sLrimps pre- 
ceded crabs in geological history. Tlie jomig of a modmi 
Ganoid or gar-pike has an elongated vertebrated tail, wliicli it 
loses with the change to the adult ; and so Ganoids in Pak- 
ozoic time had vertebrated tails, but in Mesozoic time lost tJiem. 
I In the young of some birds the tail aegmenta of the vealebml 
I column are much elongated and free, but, with progressini,' 
I development, they become greatly contracted, and often con- 
I soUdated together; and so the earliest Birds, in part, at least, 
had long vertebrated tails. The young of an Insect is an elon- 
gated, worm-like grub; and so Worms preceded Insects. Tht 
embryo of Man in an early stage of development has a tail half 
as long as that of a dog in the same stage. 

Tlie principle is a general one through the animal 
L dom. Tliis shortening behind is directly connected with, j 
I a consequence of, a transfer forward of the forces of the a 
mal structure by wliich improvement is given to the anten 
extremity, and a liigher grade of power and functions to \ 
head. Progress from the embryo in animals is alwaj-s attoi 
ed with a gmdual improvement of the head extremity, i 
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also with changes of form in adaptation to it; and^ parallel 
with this, progress in the system of animal life, from its 
earliest beginnings onward, was similarly attended, under all 
tribes, by a headward transfer of power in the being, and by 
such structural changes as this involved. Marsh has shown 
that the Carnivores and Herbivores of the early Tertiary had 
brains but a half or a third as large in bulk as those near- 
est related to them in type and size among modem species. 

This kind of progress is progress in cephalization ; this 
term ^eing derived from the Greek for head. And the prin- 
ciple here illustrated may be briefly announced as follows : 
Progress both in the system of animal life and in individual 
life is eminently progress in cephalization, 

Man, the last and highest being in the system of life, de- 
rives his exalted position from the extreme degree of cephaliza- 
tion which characterizes his structure. Besides having a great 
brain and great head power, his fore-limbs are removed from 
the locomotive series, and turned over to the service of the 
head, and, as is involved in this transfer, his body is erect. 
Thus, by an abrupt transition, he stands apart from the ape 
and all brute races. 

7. The transitions between species, in the system of pr(^;resS) 
not yet proved to be gradual — The systematic succession in 
the progress of life, made manifest by facts derived from the 
rocks, leads many to hold that the whole has been as much a 
growth under the control of physical law as is proved to be 



260 GEOLOGICAL HISTORY. 



true of the development of the earth^s features. Geological 
history has accordingly been appealed to for evidence as to 
whether species, instead of being independent types of structure, 
are so linked together by gradual transitions, that we cannot 
reasonably avoid the conclusion of their production from one 
another by gradual change. That evidence it has not yet af- 
forded. Tliis is admitted by all, even by those who beheve 
that the transitions were gradual. Geology has brought to 
light fewer examples of gradual transition than occur among 
living species. The wide intervals that have separated related 
groups are diminished from time to time by the discovery of 
remains of intermediate species. It has been thus for the 
interval between the Elephant and Mastodon, and for that be- 
tween the Horse of modem time and the Tapir-like animals 
of the early Tertiary (page 204) ; and the same in many other 
cases. And yet the new species found have still strong specific 
differences, and those that have thus far been discovered between 
the Horse and Tapir are of distinct genera ; so that the idea 
of abruptness between species is not yet set aside by geological 
evidence. 

But geological evidence on this point is, as has been often 
urged, far from satisfactory. The record is unquestionably 
very imperfect. The following are examples. 

It is certain that there were birds in the Jurassic period 
in Europe, for one with its feathers has been found fossil. 
But thus far we know of but that one specimen out of the 
many; for if there was one tYiexe ^ete m^Tsa.^^, 
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There is the same evidence that there were Marsupial Mam- 
mals during the Triassic era in North America, and therefore 
during the Jurassic and Cretaceous eras following; and yet 
only two jaw-bones of Triassic Marsupials have been found in 
all the American Mesozoic rocks. 

There was abundant life in the oceans of the long Triassic 
and Jurassic eras; but, nevertheless, not a fragment of any 
species has been found in the Triassic or Jurassic rocks on 
the Atlantic border of North America; and the Triassic of 
the Rocky Mountain region is as destitute of marine life. The 
American record respecting marine species of the Atlantic 
border for the long time between the Carboniferous and Cre- 
taceous eras is utterly a blank. 

Again, of the plants of the great forests that covered the 
American continent in the Triassic and Jurassic eras less than 
50 species are known; and yet the whole of the dry land of 
the continent must have been covered, and the kinds through 
all that time must have been very numerous. 

These are examples of the imperfection in the record, and 
they naturally weaken much the force of geological evidence. 
But if they weaken it, they do not authorize the conclusion 
that the transitions were always gradual. 

There are some gaps of great width. Of the species con- 
necting MoUusks or other Invertebrates with the first of 
Eishes, geology has afforded not a fact: it has fowxwl wvbj 
great Sharks, Ganoids, and Placoderma sl^ ^^ ^a.i^^'^V "s^- 
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cies. With regard to the Palms, which first appeared in the 
Cretaceous, none of the preceding links have been found; and 
none for the Elm, Magnolia, and various other Angiosperms 
that accompanied the first Palms. Bones of true Mammals 
are very abundant in the Tertiary strata ; and yet in the Cre- 
taceous beds, those next earlier, there are numerous remains 
of great Reptiles, and not a trace, as yet observed, of the 
true Mammals. 

8. Origin of Man. — The interval between the Monkey and 
Man is one of the greatest. The capacity of the brain in the 
lowest of men is 68 cubic inches, while that in the highest 
Man-Ape is but 34. Man is erect in posture, and has this 
erectness marked in the form and position of all his bones, 
while the Man-Ape has his inclined posture forced on him 
by every bone of his skeleton. The highest of Man-Apes, the 
Orang-utan, cannot walk without holding on by his fore- 
limbs; and, instead of having a double curvature in his back 
like Man, which well-balanced erectness requires, he has but 
one. Tlie connecting links between Man and any Man-Ape 
of past geological time have not been found, although earnestly 
looked for. No specimen of tlie Stone age that has yet been 
discovered is inferior, as already remarked, to the lowest of 
existing men; and none is intermediate in essential characters 
between Man and the Man-Ape. Until the long interval is 
bridged over by the discovery of intermediate species, it is 
certainly unsafe to declare that such a line of Intermediate 
species ever existed, and as \mp\v\\oso^V\caV ^^ '\\, \& \iSNss&&, 
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If, then, the present teaching of geology as to the origin 
of species is for the most part indecisive, it still strongly 
confirms the belief that Man is not of Nature^s making. 
Independently of such evidence, Man's high reason, his un- 
satisfied aspirations, his free will, all afford the fullest assur- 
ance that he owes his existence to the special act of the 
Infinite Being whose image he bears. 

9. Han the highest species. — It is sometimes queried whether 
the future may not have its various new species of life, and, 
among them, some higher than existing Man; whether the 
age now passing is not to be followed, as was true of the 
Carboniferous, or the Reptilian, by another still more glorious 
in its living species; whether, if one of the great Dinosaurs 
of the Mesozoic age could have thought about his own and 
other times, he would not have imagined his age the last and 
the best possible, and whether Man is not playing as foolish 
a part in styling himself the " lord of creation.'' 

Against the introduction of new species in coming time 
science has little to ui^e. But there is strong reason for 
holding that, whatever the changes in the lower tribes, exist- 
ing Man will always remain the highest in the series. 

(1.) Science has made known that the highest of species 
next to Man, that is, the brute Mammals, have already passed 
their maximum (page 225) ; hence, the rest of time remains 
for the culmination of the only liig\iet t^^, ^^ ^^ "^^^s;^. 
And, as this type includes now but oi\e «^cve»>^^^«^^ "^'^^ 
son for expecting no new species in t\\e iw\A«e. 
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I (Z.) Prom geological history we learn also that the tjpa of j 
Vertebrates commenced in kinds that were horizontal iu 
tude, — tliR Fishes; and that from the horizontal there 
in the Keptiles and Mammals, a raising of tlie head abo 

1 the line of the body, up to the Ape, in which the attitude 
nearly vertical ; and, finally, to perfect veriicality in Man, 
being having the head placed directly over the body and hind 
limbs. Tliua, as Agassiz observed, the last term in the series 
has been reached; there can be npthing beyond. This 
fts to the general type of structure ; but it leaves it an open 
question whetJier there may not be other species of Man, or 
erect bemgs, of still higher grade. 

r (3.) But a different species of Man higher than existing M,id 
is not a possibility. We can conceive of other species of Man 
distinguished by having some of the external features of tlu' 

I Man-Apes. But these are marks of inferiority, and, if possi- 

k ble in a type of so high grade, could belong only to inferior 

[ species. 

The increasing erectnesa and breadth of forehead in Man, 

[ and the shortening of the jaws, giving a nearly vertical hne 
to the front, which are a known result of culture, indicate 
the course which npward progress must take. And in these 

f points and some others closely related, the limits of perfec- 
tion have been nearly reached by some among the present 

I lace, FarllKt imprnvemeTit can ^vt ^!\\aicaUy only largeL 

\papacity to (he brain and gtca^cT \iea.\A-^j qI (.Qim \a M 
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irhole structure^ and make these qualities more general. No 
wide divergence from existing Man can be conceived of. 
"When all possible change in these directions has been accom- 
pUshed, Man will still be Man, and no more the head of the 
system of life than he is at present. 

(4.) Beyond all this we may say, that since no Dinosaur, and 
no other species but Man, has ever been capable of reviewing 
the past or contemplating the future; and since Man not only 
has all time and all Nature within the range of his thought 
and study, but can even yoke Nature for service, and in fact 
has her already at work for him in numberless ways, — the 
system with such a head must be complete. 

Nature, through Man, has attained to the possession of a 
living soul capable of putting her once wasted energies into 
strong and combined movement for social, intellectual, and 
moral purposes, and this is the consummation that the past 
has ever had in prospect. 

The Man of the future is Man triumphant over dying 
Nature, exulting in the freedom and privileges of spiritual 
life. 
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Aconca'gda, 65. 
Ac'rogens, 103. 

Carboniferous, 156. 
Adirondacks, 107. 
Agate, 6. 

Ages in Geology, 99. 
Alabama Eocene, 201. 
Albite, 2. 

Algae. See Sea-weeds. 
Alleghany Mountains, making of, 168. 
Alluvial deposits, 49. 
Alps, glaciers in, 58. 

elevation of, 207- 
Amethyst, 11. 
Ammonites, 182. 
Amphibians, 163, 186. 
Amygdaloid, 18. 
An'giosperms, Cretaceous, 181. 

Tertiary, 200. 
Anisopus, tracks of, 187- 
Anthracite, 154. 

origin of, 171- 
Anticli'nal, 85. 
Apennines, 207. 
Appalachians, making of, 168. 
Appalach'ian region, 135, 136, 167. 

folded rocks of, 85, 169. 

thickness of formations of, 167. 
Archee'an time, 106. 

North America, 108. 
Arequi'pa, 65. 
Argillaceous sandstone, 15. 
Ar'gyllite, 15. 
Articulates, 100. 
As'aphus gigas, 126. 
As'terophyllites, 140. 
Astrsea, 28. 

Atmosphere, agency of, 44. 
Angite, 8. 



An'rochs, 233. 
Aymestry limestone, 131. 
Azoic See AacHiBAN. 

Bala, beds, 117. 
Basalt, 18. 

Basaltic columns, 22. 
Beach-formations, 51. 
Bear, cave, 225. 
Belem'nites, 184. 
Bilin, infusorial bed of, 36. 
Birds, 101, 164. 

Jurassic and Cretaceons, 190. 

Tertiary, 203. 
Bituminous coal, 164. 
Bhick lead, 9. 
Blue Badge, 107. 
Bog Iron-ore, 12. 
Bowlders, 211, 214. 
Bowlder-cUiy, 218. 
Brachiopods, Saurian, 121, 133. 

Devonian, 142. 

Carboniferous, 152. 
Brains, growth in, 247. 
Brines of Salina, ISO. 
Bryozo'ans, 125. 

Calami'tes, 140, 158. 
Calcareous rocks, 14, 27- 
Calcite, 9. 

Calyme'ne Blumenbachii, 126. 
Cambrian. See Pkimoboial. 
Camel, Tertiary, 206. 
Cannel coal, 154. 
Canon. See Colorado. 
Carbon, 8. 

Carbonate of lime, 9. 
Carbonic acid, 9. 
Carbonifeitnu age, 149. 
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Mount Shasta, 64, 208. 

Tom, 194. 
Mountains, White, scratches on, 213. 

White, alpine plants on, 224. 
Mud, 15. 
Mud-cracks, 55. 
Myr'iapods, or Centipedes, 162. 

Nautilus, in the Silurian, 124, 
Neanderthal skull, 233. 
Ne'olith'ic era, 232. 
Niag'ara group, 129. 

River, gorge of, 238. 
Nova Scotia coal-measures, 166. 
Num'mulites, 32, 33, 198. 
Nummulitic limestone, 198, 199. 
Nullipores, 34. 
Nuts, fossil, 160. 

Ocean, effects of, 50. 

life in depths of, 40. 
Oceanic hasin, origin of, 94. 
Old red sandstone, 139. 
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Ore'odon, 204. 

Organic remains, rocks made of, 25. 
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Orthis, 121. 
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Otozoum Moodii, 187. 

Owl, 203. 

Ox, first of, 206. 
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Pal'.«aster, 120. 
Paleolith'ic era, 231. 
Paleozo'ic time, 113. 
Palisades, \^\. 
Palms, Cretaceous, 181. 

Tertiary, 209. 
Paradox'ides, 126. 
Parrot, 203. 
Peat, formation of, 40. 
Pentac'rinus, 31. 
Pen'tiemi^tes, 161. 
Permian group, 166. 
Phu/odenns, 147. 



Plants, Archaean, 112. 

Carboniferous, 156. 

Cretaceous, 181. 

Devonian, 139. 

lime-secreting, 34. 

Lower Silurian, 117. 

Upper Silurian, 131. 

Tertiary, 200. 

Triassic, 180. 
Platephem'era antiqua, 144. 
Ple'siosaurs, 189. 
Pleurotoma'ria Icnticula'ris, 123 
Pliocene, 194. 

Plumba'go. See Graphite. 
Polycystines, 37. 
Polyps, 28, 100. 

Polythala'mia. See Poraminipers. 
Porphyry, 19. 
Portage group, 138. 
Portland (England) dirt-bed, 179. 
Post-tertiary. See Quaternary. 
Potsdam sandstone, 116. 
Primordial period, 116. 
Productus, 152. 
Progress of life, 242. 
Pro'tozo'ans, 99, 112, 118. 
Pterichthys, 147. 
Pterodactyl, 191. 
Pterosaurs, 190, 
Pudding-stone, 14. 
Pyrenees, 207- 
Pyrite, 10. 
Pyroxene, 8. 

Quadrupeds. See Mammals. 
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Quartz, 3. 
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Rain-priuts, 56. 
Ean'iceps Lycllii, 163. 
Recent period, 221. 
Reefs, coral, 33. 
Reindeer era, 224, 231. 
Reptiles, 101. 

Carboniferous, 161, 163, 164. 

Mesozoic, 186. 
Reptilian age, 174. 
Rhine, alluvial deposits of, 221. 
Rhinoceroses, Tertiary, 20S. 

Quaternary, 226. 
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Trav'crtine, S4 
Tree-ferns, 157- 
Trenton limestone, 117. 
Triassic period, 174. 
Triaobites, 125, 133, 142, 160. 
Tufa, 19. 

calcareous, 24. 

Unconfoshable strata, 88. 
Unstratified rocks, 21. 
Uplifts, 89. 

Upper Helderberg, 138. 
Upper Silurian, 129. 

Valleys, formation o^ 73. 
Veins, formation of, 73. 
Ver'tebratea, 110. 
Tertiary, 202. 
Vesuvius, 67. 
Volcanic rocks, 18. 
Volcanoes, 64 



Wateh, action of fresh, 46. 

action of oceanic, 50. 

freezing and frozen, 57. 
Waves, action of, 51. 
Weal'den, 179. 
Wenlock limestone, 130. 
Whales, first of, 210. 
Willow, Cretaceous, 181. 
Wind-drift structure, 45. 
Wind Biver Mountains, 107. 
Winds, effects of, 44. 
White Mountains, glacial scratches on, SIS. 

alpine plants on, 224. 
Wolf, Quaternary, 226. 
Worms, 100, 

XiPHODON, 204. 

Yellowstone Park, 70. 
Zeacunus elegans, 15L 



THE END. 



